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The anaero bic lago on has proven to be a s uccessful 
and econo mical method of treating certain industrial 
wastewaters. Ho wever, anaerobic decompositio n  results in 
the production o f  odorous substances such as hydrogen sul­
fide, mercaptans, indole�, skatoles, and volatile acids. 
When certain lo ading o r  atm ospheric conditi o ns exist these 
odors may cause nuisance conditions. In additio n, if the 
wastewater contains sulfate concentrati ons in excess of 
400 mg/l, large quantities o f  hydrogen sulfide will be 
produced resulting in n o xious odors (1, 2). These odors 
cc:m migrate several miles, producing nuisance condi tiohs 
over a large area (3, 4). 
Altho ugh the productio n of odors in anaerobic lagoons 
is an inherent pro blem asso ciated with this process, verj 
little research has ·been done to alleviate this nuisance. 
As a result, state regulato ry officials have n o t  been en­
tirn.s. iastic in the promotion of anaero bic lago ons, and in 
many instances m o re expensive alternate treatment methods 
have been utilized. 
An econo mical metho d o f  removing o d o rs would not only 
stimulate the use of relatively inexpensive anaerobic 
systems in place o f  more expensive conventio nal systems, 
b�t would also improve the aesthetic suitability of many 
2 
exi s t ing l a g o on s .  A s ui t ab l e  odo r  c o n tro l m e t hod wou l d 
a l s o p r ovid e a m ean s o f  c omp lia n c e  f o r  indu s tria l e s t ab-
lis hm e n t s u s i ng anae r o b i c  l a g o on s y s t em s  t h a t a r e  m e e t ing 
e ff l u e n t  �t an d a rds , b u t  no t c omp l y ing wit h  air po l l u t i o n  
re g u l a tion s . The s t udie s d e s c ribe d  h e r ein r ep r e s ent a 
pr e l imin a r y  e f f o r t  t ow ar d  d ev e l opin g  a n  e ff e c tiv e and 
e c o nomic me t h o d f or c on t r o l lin g  odo r s  from an a e r o bic 
l a g o o n s . 
Th e o bj e c tive s o f  t hi s  inv e s tig a tion we r e: 
1 .  t o  d e t e r min e expe riment a l l y  the eff e c t iv en e s s  
of various m a t e rial s in reducing o d o r s  r e s u ltin g 
f r om c.naerobic treatment o f  wastewater� 
2� to p r ovide a r e c ommendation concerning the thick­
ne s s  o f  t he mo s t  eff e c tiv e  m a t e rial s  f o r  u s e as 
a c ov e r  t o  redu c e  o do r s -fr om a n a e r o bic l ag oons . 
S cope o f  t h e  Re s ear c h  
In this pr o j e c t, t h e  r emov a l  o f  h y d r o g en sulfide f r om 
dige�ter gas b y  v a riou s  m a t e ria1s w a s  e va l ua t ed . Hydr o g en 
s u l fide w a s  ch�s e n  f or s t udy b e c ause i t  i s  t h e  m ost char­
�cte ris t ic malodoro u s gas pro duc ed by an a e r obic dec ompo­
s i t i on o f  high-s u l f a t e  w a s t ewa t e r and it can b e  d e termin e d 
qu a n tit ative l y  wit h  r e l a tive e�s e. G a s  fron1 s ewage treat­
m ent pla n t  digest e r s  r a t he r  than l ab o r a t ory units was 
utiliied to i n s ure a qu antity s u f ficien t f o r  the experi­
m e n t s . Also, ga s f r om this s our c e would c l o s e l y  resemb l e  
3 
the g a s  p r o d u ced in anaer obic la g o ons. The i nvest i g a tion 
was l imit e d to ev a l u at 1 n g  the ef fectivenes s  o f  each ma­
teri a l  in rem ovin g hyd r o gen s u l f i de ,  and n o  test s were 
c o nducted to determine the mech anisms b y  which remova l 
w a s  a c c omplished. 
LITERATURE REVIEW 
The literature review that follows.·was conducted to 
enumerate the methods employed-to reduce odors from an­
aerobic lagoons, and to evaluate the potential of other 
odor control methods that might possibly be adapted to 
anaerobic lagoon odor control. Previous research on 
biological odor control sjstems is also included to aid 
in the interpretation cif the results. 
Anaerobic Lagoon Odor Control 
Covers 
4 
Scum layers that often form on anaerobic lagoons 
treating meat packing wastes, have been reported to be 
effective in el i m i na ting or reducing odors normally pro­
duced during anaerobic decomposition (2, S, 6, 7, 8, 9, 
10). These covers result from the build-up of grease 
and/or paunch manure and may range in depth from several 
inch�s to s e veral feet. Many irivestigators have noted 
that odors w ere a pr oblem prior to the development of a 
"scum layer " , but were reduced below nuisance levels after 
c o ver s formed (6, 7, 8, 9). Hydrogen sulfide was among 
the cause� of these odors as evidenced by severe corrosion 
of concrete inlet and outlet structures. 
In 1957:1 Solla and Sanders patented a method for con­
trolling th� thickness of the scum layer by inhibiting �he 
5 
g r owt h of Psychoda l arvae (11). An inc r eas e in t hic k ­
n e ss was e f fect e d  b y  c o atin g  the scum s u r f a c e  wit h  l arvi­
cid e o r  app l ying u s e d  c rankcase o i l  a t  a r a t e  o f  
1 g a l/20 £:t 2 (11). 
Artific i a l c ov e r s , wh i c h  have b e en c onstru c t e d  on 
sever a l  an aer obic l ag o ons t o  h e lp r e t ar d  heat l oss , have 
a l s o r e duc e d  o dor s (6, 12� 13). E tze l de s c rib e d  a sys t em 
whe r e  s tyr o fo am b l o c k s  t hr e e  inches t hic k , 16 inc hes w i de , 
and nine f e e t  l ong wer e  f l o ated  on an anaer o bic l ag o on 
tr e at ing  c orn-mil l ing was t e s  (6). The �ove r  aid e d  in 
odo r cont r o l , b ut 1t was a l s o ne c e s s ary to add 3 00 g a l l on s  
of o d or· mask ing chemic als e a ch s umme r .  Do rnbu sh; e t  ·a1. , 
(13) re port e d  that a cove r o f  styr o f o am over l a in w ith 
st r aw r educ e d  o d o r s  fr om an an aer ob i c  l ag o on t r eatin g  po­
t at o  w�stes . Styr o f o am b l o ck s  we r e  a l s o  u s e d  t o  cov e r  an 
an a e r ob i c  l ag o o n  t r e ating p o t at o  was t es in .Idaho t o  r e t ard 
h e a t  l o s s  and c on t r o l odors  (12). 
Cove r s  on an aer obic l agoon s  n o t  o n ly maint ain h e a t  
·and aid i n  o do r  c on t ro l , but a l s o  redu c e  t h e  airwa t er 
int e r fa ce el iminat ing aer at ion or a l g al g r ow t h . Thu s , 
stric t  an aerobic condit ions are maint a in e d , wh i c h  is t h e  
mos t  s u i t ab l e  e nv i r onme nt f o r  a c id og e n i c  b ac t e r i a a s  we l l  
as t h e  del i c at e "me thane former s" . 
B i o l og i c a l  
There have be en ins t an c e s  r epor t ed i n  wh i ch t h e  r e­
du c t ion i n  odor from an aerob i c  l agoons w a s  a t t r ib u t e d  to 
t he p r e s e n.c e of  photosynt h e t i c  s u l fur b a c t er i a  of t h e  
fam i l y' ·rhiorho·dac·e ae (14) . However ,  a t t emp t s  to r e .duce 
odors by innocul at i n g  l agoons with v a ri ou s  pur e c u l ture s 
have not b e en s u c c e s s ful ( 1 5). Addi t ion a l l y, an a e rob i c  
l agoons i n  nor thern c l imat e s  s hould b e  cove r e d  t o  r e t ard 
h e a t  ·1os s  and thi s wou l d  imp a i r  the  g rowth of p hotosyn ­
the t i c  organ i sm s  by e l imin at ing s unl i ght . 
Odor Count e ra c t ion and Mas k ing  Ag ent s  
6 
Odor mask i g and count era ct ion agen t s  have been used 
to r e t a rd odor s from an aerob i c  l agoons . They h av e  also 
re c e ive d cons i de r ab le  u s e  in other was t ewat er  t r eatment 
and collec tor sys t em s  wi th varying  s u c c e s s  (1 6 , 17 , 18, 
19, 20) .  
Count e r a c t ion i s  the add i t ion o f  on e odorous s ub -
s t an ce to anot her r e s u l t ing in the form a t i on of a m ixture 
w i t h  l i t t l e  or no odor (19). The odor s ar e ant agon i s t ic 
s o  upon mix i n g , the int ens i ty of e a ch i s  d im in i s h e d  (1 8) . 
Masking r e fe r s  to the. add i t ion of a p l e a s an t  odor i n  
s ign if i c an t  con c ent r at ion to r end er  t h e  unp l e a s ant odor 
unr e cogn i z ab l e . In a c t u a l  p r a c t i c e , the s e.d i ffe r e nces are 
ne g l i g i ble be c au s e  comple t e  coun t e r ac t ion i s  n e a r l y  im­
pos s i b l e . For tot a l  count e r a c t ion to oc cur , t h e  contro l 
7 
. age nt must b e  comp l e t e l y  m i x e d  w i th the e x i s t i ng odor s 
and a l low e d  t o  comb in e  w i th t hem on a s e l e ct iv e  b a s i s  (1 5) .  
Th e odors produ ced dur i ng an aerob i c  d e compo s i t ion r e su lt 
from m ix ture o f  odorou s subst ance s  and so f ar , the com ­
p l ex i ty o f  the  m i x ture has b e en an insurmoun t ab l e  ob s t ac l e  
to thos e at t empt ing to d ev e lop a s u i t ab l e  coun t er a c t ant . 
Odor m a sk ing and coun t e r ac t i on ag ent s a r e  norm a l l y 
v apor iz ed and spr ay e d  ov e r  the source  o f  nox iou s odors , 
but t hey m ay a l so b e  inj e c t ed int o w as t ewa t e r  f low s . 
S t r ict cont rol of t h e  appl i c at ion r a t e  i s  r e qu i r e d  b e cau s e  
ove r f e ed i ng c aus e s· the  odor of the cont rol age nt to pr e ­
v a i l and und e r f e e d ing doe s  not e l im in at e t h e  nox ious 
odors  ( 1 6) . Se l e c t ion of the prop er app l i c a t ion r a te is 
largely by tr i a l and er ror b e c au s e  of t h e  chang i ng odors 
and w ea the r  con d i t ion s around w as tew a t e r  t r e a tm ent plant s 
(19) . 
The e f fe c t iv en e s s  of od�r - control chem i c a l s  h a s  
v ar ied from s i tu a t ions w h e r e  t he r e su l t ing odor s were 
p l e asan t to oc curr enc e s whe r e  the  comb i n a t ion of hydrog e n  
sul f ide and a n  odor - m ask i ng agent resu l t e d  i n  the  forma­
t ion of an odor mor e  obj e c t ionab l e  than the  or ig i na l  
nox ious odor (15) . F�r thermore , odors t h a t  a r e  p l e a s an t  
to som e  are  cons id e r e d  obj e c t ion ab l e  to o t h e r s . A l so ,  a 
s e r i es of m ask ing ag e n t s  m ay h av e  to b e  us�d i n  rot a t ion 
to avo i d ol f a c tory f a t igu e, wh i ch al lows t h e  hum an nos e  
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to de t e c t  the n ox i ou s od o r. A lthough uti l iz ation o f  od or­
cont ro l chem ica l s  i s  cost ly and r e sul. t s  are varied, they 
continue t o  r e c e iv e  considerable use b e ca u s e  o f  the l ack 
of mor e s�itab l e  contro l t e chniqu e s. 
M is c e l l aneous Odor  � on t r o l Techniq u es 
M any method s  have b e en developed to eliminate sulfide 
odo rs resul ting fr om was tewater treatment and co l lection, 
and indus t r ial oper at i ons. The me thod s wh i ch have b e e n  
use d r ely on p hys i c a l and chem ical m e chan i sm s  suc h  a C" • ;:, . 
1 )  adsorption, 2)_
chem i c a l  ox idat ion, 3) ch em i c al pre­
cip it ation, 4) combus t i on and 5) w e t  an d dry s crubbing . 
Recently, biological oxidation in the form of a soil fil-
t er has also been s tudied and applied a s  a me t ho d o f  
e l im i n at ing o d ors pro du ced in sewe rs and w e t wells (21, 
22 , 23). 
Adsorption 
Activated carb on is the ads orbent used most often to 
remove odors (19, 24, 25, · 26). It i s  the most practical· 
adsorbent because i ts performance is not affected by mois-
ture (2 5). Systems employing activated carbon are ex­
tremely effective because most odorous vapors have a high 
molecular weight and are ads orbed readily (27). However, 
their use is lim ited in w astewater appli cc.t�ions because 
large units and frequent regeneration or replacement of 
the carbon is necessary as a result of the large 
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quant it i e s of o do r ous gas e s  p rodu c e d . In add it i o n , an 
exp l o s i on hazard may d evelop fr om e x c e s s ive h eat ge n e rat e d  
when act i v ated carb on i s  u s e d  t o  r em ov e  hyd r o g e n sul-
f ide (28) •. 
Chem i ca l  Ox idat i o n 
Ox i d i z i ng agents , s uc h  as c h l o r ine , ozone , chr omate s ,  
and hal ogen ated hydrocarb o n s , h ave b e e n  u s e d  successfully 
to c ontr o l  o do r s  i n  s ewe rs  and indu s tr ial  p r o c e s s e s ( 1 9 , 
25) . Howev e r ,  the s e  mate r ial s are al s o  d is i n f e ct ant s and 
wou l d  not b e  app licab l e  for us e  in  an anaero b ic lago o n . 
Chemical Pr e c ip itat i o n  
ktal lic ions such a s  zinc, c o pp er ,  and iron have · 
b e en u s ed to c o ntr o l sulfide odors i n  s ewe r s  (19). The 
metal i on s  comb ine w ith s u l f ide to f o rm i n s o l ub l e pre­
cip itate s ,  thereby r e duc in g  odor s ..  Ot h e r  inetallic ions 
ar e toxic and have b e en us e d  to inhib it b i o l o g ical growth 
thereby reducing o dor s . 
Ferric chloride has proven effective i n  c ontrolli ng 
·odors in digester s up ernat ants and s lu dge s by pTc�c.ipi.­
tat ing s u l f ide s ( 1 9 ) . However, continued u s e  o f  ferric 
ch lor ide in an an a e r o b i c  l agoon for o d o r  c o ntro l  would be 
proh i b it ive fr om a co st s tandp o int . 
Combustio n  
Combustion or i nc in e r at io n has re c e ived c ons i d e r able 
1 0  
us e in con t ro l l i ng odors ( 1 9 , 2 4 , 25 , 26 , 2 9 , 3 0, 3 1 , 3 2, 
3 3 ) .  During c o mb us tion, the e lem ents in or ganic matter 
c omb i ne w i th oxygen to produce highly oxidized products 
with little or no odor. Tempeiatures wit h in a range o f  
1 2 0 0  to 1S 0 0°F are no rm ally requ i red fo r e ffect ive odor 
� \ 
e l i�ination ( 24 ,  26 , 29, 3 0 ) . However, to insure c om -
/ 
pl ete deo d o r i z a t i on at al l  t imes , a temperature of 1sooop 
s h ould be maintain ed ( 1 9 , 3 0 ) . 
Catalyt ic ox i d at ion has als o been used to oxidize 
odo rou s gas e s  ( 1 9 , 25, 3 3 ) .  The c atalyst s pee d s  ox i da -
t i on and allows odor des truct i o n at lower temper atures 
usually in the range of soo0-soo°F ( 1 9 , 3 1) . The s e  meth -
ods would have limited appli c a t ion for the control of 
odors �rom anaerobic l a goons because collection of the 
gas and a s pe cia l  furnace would be requ i red . 
Sc rubb ing 
Scrubb i n g  has b een u s ed f o r  years to rem ove hydrogen 
sulf i d e  from gas stre ams . In was t ewa ter treatment, 
scrubbing has been used p r imar i l y to remove hydrogen sul­
fide from digester gas to prevent exce s s i ve corrosion of 
boilers or gas e ngine s rather than to eliminate od ors . 
Indu s tr ial app l ications have been re s tr i ct e d p r imar ily t o  
the purificat ion o f  natural or coal gas, but h ydro gen sul­
fide h a s  also been rem o ved to reduce o dors generated in 
manufactur ing p ro c e s se s such as pulping. 
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The c onventional metho d of dry s c � ub b i n g  invo l ve s  
ox i d at i o n  o f  the hyd roge n  s u l f i de with i r o n  o x i de ( 34 ,  
35 ) . The g as s tream i s  exp -0sed  to c o ar s e  woo d  shav i n g s  
c o ate d w it� ir on oxide a n d  s upp o rte d i n  b askets . T he 
chem i s try i s  c ompl i c a t e d and inv o lve s  the fo rm at i o n  o f  a 
var i e t y  o f  p o ly s u lfi de s , th i o s ulfate s , and s ul fur ( 34 ) . 
One c ub i c  f o ot of these i r on - c o a t e d w o o d  s hav i n g s  w i l l  
remove 6 . 7 l bs o f  hydro g e n  s ulf ide ( 34) . When the s h av -
/� 
ing s  ar e s pent , the y are r e g e n era t e d  b y  exp o s ure to a i r . 
\ 
F o r  g as e s  c ont a i n ing  c on centr ations  o f  hydro ge n  s ul f i d e  
greate r th an abo ut nine mg/l , exces s ive r ege n e r at i o n  mak e s 
the s y stem imp rac t i c a l  and c o s t l y to maint a i n ( 34 ) . Most 
of these "dry box" sys tem s have been pha ed out in favor 
of more effi c ient un its . 
A m ix t u re of wo od s h av i ngs , c a l c ium c a rbo na te , iYon 
oxide and cal c i um su lfate h ave als o  been p�te nte d for use 
i n  dry s crubb i ng o f  hydrogen s ulf ide ( 3 6 ) . I n  another 
case, cement was adde d and c o lu�ns 6 1  cm h igh and 0.8-1.2 
cm in diameter were fo rme d for u se in  hyd r o g e n  sulfide 
remova l  (37) . Red mud , wh ich i s  a waste pr o du c t from the 
manu fa cture o f  a l umi num fr om b a ux ite , m ixe d with sawdus t 
and l ime h as als o been use d s uc�e s s fully to r em ove hydro 
gen s u l f ide ( 3 8 ) . The U . S . Bur e au o f  Mine s  f o un d th at 
ferric oxide p lus f l y  as h ,  fe rr i c  oxide p l u s  pum i c e , a nd 
red mud w e re a l l  e f fe c t i v e  in removing· hy<lrogen s ulf ide 
and were c omp l etely r e gene rab le in air (39)o Pauli (40) 
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reported that a system consisting of baskets full of 
redwood shavings and iron filings was effective in remov­
irig hydrogin sulfide from digester gas.· It should be not­
ed that al� materials used in dry scrubb i ng must be 
regene-rated. 
Packed towers, venturi-type-injectors, fine -bubble 
diffusers and liquid sprayers are the devices commonly 
used in wet scrubbing. Water may be used as the absor­
bent, but hydrogen sulfide is seldom present in the gas 
at a high enough partial pressure to make water absorb­
tion practical. The Miami sewage treatment plant, 
however, does utilize a three-stage water absorption 
sy� ·em to scr lb hyc-l"rogen sulfi.de from digester gas (34) .• 
Ethanolamines, aqueous ammonia, and alkaline salt 
solutions are commonly used as absorbents ( 27 ) . Alkaline 
solutions are not practi cal when a significan t  amount of 
c a rbon dioxide ii present because the carbon dioxide is 
abs o rbed before the hydrogen sulfide. Ra i ns, et �_!_., (41) 
renorted that odors from a sludge thickener were re<luced ... 
below tletertable l im i ts by scrubb i ng w i th a water solution 
containing 1�5 mg/I residual chlorine. 
Some of the proce sses for removing hydrog en sulfide 
available commercially include the Stretford, Beavon, and 
Cleanair systems (35). These processes are used primari­
ly in large�scale installations and may not be applicable 
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for an a e rob i c  l agoon odor contro l. 
B io log i c a l  Ox i da t ion 
Ther e a r e  a l arg e numb e r  of  m i croorg an isms c apab l e  
of ox i d izing r e du c e d  sul fur forms. Thes e  o rg an isms ar e 
pr imar i l y  au t o t r ophs or f a cu l t at ive aut o t rop hs , b ut some 
_ r e ly on pho tosyn thes is fo r th e i r  energy sou r c e. 
B egg i a to a , Th io thr ix , and Th i op l a c a  ar e f i l amen t ous 
org an isms c ap ab l e  o f  ox i d i z ing redu c ed su l fur fo rms (42). 
Begg i a to a  a r e  a e rob i c  to m i cr oaerop h i l i c  org an isms tha t  
ex is t  i n  m a r i n e  or f r esh w at e r  env ironments i n  th e pres ­
e n c e  o f  hydrog e n  sul f i d e  (43). Th i op l a c a  ar� a e r ob es that 
a r e  found i n  upp e r  l ay e rs of b r ack ish or fresh -wa t e r  mud 
con t ain i ng c a l c ium carb ona t e  and hydrog en su l f i d e  (43). 
Thio t hr i x a r e  s t r i ct a e rob es th at ex ist in  m a r i n e  env iron­
ments w i th 
·
h igh concent ra t i ons of hydrog e n  sul f i d e. They 
a r e espe c i a l ly ad ap t e d  to fl�wing w a t e rs and a r e  ofte n  
foun d  i n  s e wage t r e atmen t p l ants (43). 
Org an isms in  the f am i l i es Ch romo t i ac e a e  (formerly 
Th io-rhoda c e ae) an d Ch l or ob ac t e r i a c e a e  a r e pho t osynthetic 
an aerobes c apab l e  o f  conver t ing hydr oge n  su l f i d e  to ele­
mental sulfur (43). Jhey do  no t r equ i r e  o rg an i c  g rowth 
fa ctors, b u t mus t h ave u l t r av i o l e t  l igh t f o r  g r ow t h  (42). 
These organ i sms ex is t  i n  moi� t  and muddy �o i ls ,  d i tch es, 
p onds , su lfu r  spr ings , r i ve rs , s a l t  l akes , an d est u aries 
( 43) .. 
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Organisms of t he ge nus Th iob a c i llu s  ar� s tr i c t  auto­
t r oph s which u ti liz e su l fur for e n er gy (4 2). They m ay 
caus e s evere d ama ge to concrete s t ru c tu r e s  by ox i d iz ing 
hyd r og en sulfide t o  su l fu ric acid. The or gan i sms pr in c i ­
p a l ly inv o lved ar e-T . th ioox i d ans, T . th i o sp a r u s  a�d T .  
con cret iv oru s (44). T. th i o ox i dans may grow at� pH a s  
l ow a s  one, but o p t im um gr9wth oc curs a t  pH 3 t o  6 (4 2) . 
The thi obacil li are p r im aril y  ae rob i c, but one 
fa c u l t at ive ana e rob e , T .  denitr i f i c an s , h a s  been i den t i ­
f ied th a t  i s  cap ab l e  o f  o x i d iz i ng red u c �d sulfur f o rm s . 
I t  u t i l iz e s  nitr ate s r a the r than oxygen as a t e rm in a l  
e lect r on a c cept o r , but requires ammon ia a s  a n i tr o g en 
s ourc e  (4 2). 
In s umma ry, t h e  organ isms whi ch ox id ize r educed sul� 
fur are pr imar ily ae r ob i c . Additionally, th e .obligate 
an aer ob i c  org an i sms that u t il i ze reduced s ulfur f orm s are 
ph o to synth et i c. The r e  are very few, if any , s tr i ct anaer­
ob i c, n on-ph ot o synthe t i c o rg an i sm s  t hat can u t i l ize 
hydrogen sulfide. 
S o i l  F il t er 
Pomeroy wa s among the first. t o  u s e  s o il f ilters for 
r emov ing odo ro us s ub stan c e s (23). He reported t h a t  m a l ­
odorous g as e s  w e re r emov ed as a r esult o f  · b i o log i c al 
oxida t i on in the so i l  ( 23). In th e lab o ra t o ry, h e  p a s s e d  
a n  ai r stream cont aining v a ler i c  a c id , s ka t o l e, and p h eno l 
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through a column of moist clay·24 inches h igh and two 
inches in.diameter. S ubse q uent field tests were conducted 
at a sewage pumping station in Long Beach, California. 
Sewage gas . .  was passed throug h two identical soil diffusion 
trenches at 730 cubic feet per minute (cfrn). No odors 
were detected in the emerging gas. Pomeroy received a 
patent for the system in 1957 (23). 
Mayo conducted field-scale tests of soil filters 
us ing odors produced in wet wells. on Mercer Island, Wash­
in�ton (23). In this study, sewage gas from the wet wells 
was forced through a soi l filter by the rising and falling 
water level in the wells. The filter consisted of f0 ur ­
inch plastjc d"ffuser lines covered by two in�hes of 
gravel and 18 inches of soil. The Mercer Island system 
was operated sucessfully for over three years. 
Carlson an d Leiser (22 )  conducted extensive s tudi es 
on the use of soil filters for the removal of hydrogen 
sulfide. They passed a mixture.of hydrogen su l fide and 
air through several types of soil contained in columns 6 
inches in diamet�r and four feet high , and plywood cham-
bers 2 feet wide by 4 feet long by 4 feet high (22). It 
was found that mo ist loam soils had excellent p o s sib il i ­
ties in the efficient and inexpensive removal of hydr o gen 
su fide from air strearns (22). The results indicated 
that odor reduction was affected by microorganisms in the 
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soil r ath e r  than by i o n - exchange , chem i c a l  o x i d at i o n ,  o r  
s o i l  and wat e r  ads o rpt i on (22). Ove r a thr ee - m o nth te st 
peri o d , hyd r ogen s u l f i d e  gas con centr at i o n s  o f  15 mg/ l at· 
a fl ow r at�. o f  0 . 3 5  cfm per squar e  f o ot of s o i l s ur fac e 
·we r e  redu ce d to imp e r c e ptib l e  leve l s  by  32 i n ch e s  o f  s o i l . 
For  a f l ow r ate of 0 . 34 cfm p er s quare f o o t  o f  s oi l  and a 
hyd r o gen s u l f i d e  c o n c e ntr at i on of 9 . 5  mg/ l , 9 0  pe r c e nt o f  
th e hydro ge n  sul f i d e  was r emoved in the f i r s t  18 inche s 
o f  s o i l . C arls on and Le i s e r  n oted that e nv i r o nmenta l c on­
d i t i on s  s ho uld be opt imal for  gr owth o f  m i c r o o rgan i sm s 
( i . e. mois t ,  3 5 o c) . 
Car l s6n and Leiser (22) p r opo s e d a s y s te m  f or t h e 
t eat ent of udorous gases that coris iste d of a g e nhous6 
and buffer ed irr i gation system . The odo r ou s  ga s e s  were 
blown thr ough a p e r for ated tub e that was c o vered w ith 
soil. The sys tem was e nclo s e d in a gr e en h ou s e to f a c ili­
tate ye ar -round plant growth . The  ro l e  o f  th e vegetat i o n  
.w ith in the sys tem was t o  ma i nt a i n  the s o i l i n  a l oose 
c ond i t ion ,  thereby improvi ng ae rat i on and p a s s a ge of gas es 
thr ough the so il. In addition , the plant s helpe d t o  re­
duce sulfate conce ntrations in the s o il and r e supp l y s o i l 
organics . 
Carlson and Gumerman conducte d  s imi l ar s oil-c o lumn 
studies usirig both hydrogen s ulf i d e  and methy l m e r c aptan . 
Mo ist loam soil was found to remove 7 75 m g/ l  m e thy l 
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m e r c ap t an a t  a f low r a t e  o f  0 . 8 5 l i te r  p e r  w e ek p e r  cub ic 
foot o f  so i l. Hyd rogen s ul f i d e r emova l s  w e r e  s im i l ar to 
the  p r e v iou s s tudy (2 1). 
M icro�io log ic a l  m e c h an i sms w er e  a ga in d e t e r m i n ed to 
b e  p r imar i l y  r e spons ib l e  for the r emov a l s , w i t h  wat e r  and · 
soi l  a d sorp t ion produ c ing ne g l ig i b l e  e ff ec t s. B ac t e r i a  
count s  d ecr e a s e d  dur ing the f i r s t  w e ek o f  s tudy , and t h e n  
incr e a s e d for t h e  r em a i n ing t ime. Th e y  pos t u l at e d  t h a t  
hydrog e n  s u l f i d e  an d me t hy l  me r c aptan w e r e  tox i c  to som e 
microorg an i sm s  i n i t i a l l y ,  b u t  t hos e c ap ab l e  o f  u t i l iz ing 
hydrog en s u l f id e  and me thy l merc ap t an as a s ub s t r a t e 
con t inue d  to grow. T h iob ac i l l i  w er e  i d en t i f i e d , but they 
r e pr e s en t e d  a m i nor i ty of the b ac t e r i a l  g row t h  on t h e  
cu l ture  m e d i a. 
C ar l s on ,  e t  a l. , ( 23) in  a l at er pub l i c a t ion , p ro ·· 
v i d e d an ex t en s ive  d e s cr ipt ion of the odor r emova l  mech an -
i sms of t h e  so i l  f i l t e r  ( 23) . Re su l t s  ind ic at e d  that 
Lynd en L o am at a pH of 8 . 0  and a t emper atur e o f  4 5 ° c was 
th e most ef f ec t ive ma t e r i a l  in the r emov a l  o f  hyd r o g en 
s u l f i de and m e thyl  mercap t an. The s ame m at e r i al w as l e s s 
e f f ect iv e a t  pH 4 . 0  and 5 . 8  wh ich s ug g e s t s  t h a t  s u lfhyd ryl 
ion (HS - )  and not H 2 s 
was the a c t ive sp e c i e . 
Hydrog en s ulf ide  was  r emove d by dry and w e t  so i l  
co l umn s . I n  dry , s t e r i l e  so i l , adsorp t ion app e ar ed to b e  
th e ma j or r em ov a l me c h an i s m , tog e t her wi t h  s u r fa c e­
c aty l yz e d  r e ac t ion s . I n  w e t  so i l s , r emov a l  a l s 6  d ep ende d  
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on t h e  r a t e  a t  w h i c h  hy d r o g e n s u l f i d e s o l u t i o n w o u l d  d i s ­
s o l ve i n  w a t e r . At hy dr o g e n s u l f i d e  c o n c e n t r a t i o n s  ab o v e  
10 0 mg / l , i t  w a s  f o un d  t h a t  dry s o i l s  w e r e m o r e  e f f e c tive·  
b e c au s e t h e . t im e  r e qu i r e d  f o r r em ov a l  d e c r e a s e d  w i t h i n ­
cr e a s i n g  m o i s t u r e . 
F o r  c o n c e n t r a t i on s  o f  h y d r o g e n  s u l f i d e  b e l ow 1 0 0  m g / 1 
b i o l o g i c a l r em ov a l  me c h an i s_ms we r e  e f f e c t i v e . Me t h y l  
m e r c ap t an a n d  hy d r o g e n s u l f i d e r em o v a l s we r e  t h e s am e  a s  
t h o s e  p r e v i o u s l y  r e p o r t e d  (21 , 22) . Th e r e m ov a l s i n ­
c r e as e d w i t h  i n c r e a s i n g m o i s tur e i n  t h e  r a n g e  o f  5 - 2 0  p e r  
c e n t . Me t h an e  w a s n o t r em ove d e i th e r  s i n g l y  6 r  i n c om ­
b i n a t i o n  w i t h a i r ,  c a rb o n  d i o x i d e , o r  hyd r o g e n  s u l f i d e . 
Th e y  l i s t e d t h e  fol l o w i ng f a c t o r s t h c� t  s h o u l d  l, .3 
c o n s i d e r e d i n  d e s i g n i n g  s o i l  f i l t e r s : 
1 . D e t e nt i on t im e  
2 .  T e mp e r a t u r e  
3 .  Q u a n t i t y  o f  hy d r o g e n s u l f i d e 
4 . C o n c e n t r a t i on o f  hyd r o g e n s u l f i d e  
S .  G a s  f l o w r at e  
Th e s e  inve s t i g a t o r s  n o t e d t h a t  w h e n  p r op e r l y  d e s i gn e d , 
s o i l  f i l t e r s op e r a t e d  i n  a r an g e  f avo r ab l e  t o  b i o l o g i c a l  
g r o w t h  an cl w e r e  c a p ab l e  o f  c o n t i nu o u s  o p e r a t i o n f o r  l o n g  
p e r i o d s  o f  t im e . 
Th e u s e o f  s o i l  f i l t e r s  for r e mov a l  o f  an im a l  w a s t e 
o d o r w a s  a l s o  r ep o r t e d  ( 45 ) . S o i l  f i l t e r s  w e r e  f o un d 
e ff e c t ive i n  r emov ing b ot h  hydrog en s u l f i d e  and ammon i a  
from h e ad s p a c e  g as over d e comp o $ ing p ou l t r y  manur e .  
Dur ing a t hr e e -month p er i o d , 1 0 0  p er c en t  r emov a l s wer e 
at t a i n e d for ammon i a  c onc entrat ions up t o  2 0 0  m g / l and 
9 5  p e r  c e n t  r em ov a l s  we r e  a t t a ined for  hydr o g en s u l f i d e  
c o n c e nt r a t i on s  o f  2 2  t o  1 0 0  mg /1. 
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Thu s , s p e c i f i c at temp t s  to  evaluat e  t h e  p r ob l em o f  
odors  f r om an ae r o b i c  l ag o ons cou l d  n o t  b e  f ound i n  t h e  
l i t er a ture . The r e fo r e , t h e  exp er ime n t s  d e s cr i b e d  i n  t h e  
s e c t i on s  t h a t  fo l l ow wou l d  app ear t o  b e  the  f i r s t  t o  b e  
rep or t e d  i n  w h i ch the e f f e c t ivene s s  o f  v ar i ou s  ma t e r i a l s  
t h a t  c o t l d  b e  u s e d  t o  cov e r  a n  an ae rob i c  l a g o on i s  de ­
t e rm i n e d . 
2 0  
METHODOLO GY 
Exp e r ime n t al Ap p a r a t u s  
F ou r t e en d i f f e r en t  mat e r i als o r  m ix t ur e s o f  m a t e r i al s  
we r e  eva l u a t e d  i n  t h i s  s tu dy . The s e  mat er ial s we r e  place d  
t o  a d epth o f  24  i nche s ,  i n  corrug at ed , b l ac k  plas t ic 
column s ,  four i nch e s i n  d i ame t er and 2 6  i nch e s  h ig h .  A 
typical  t e s t  col umn i s  d epic t e d i n  F igur e 1 .  T h e  c or r u ­
g a t i on s  i n  t h e  opaqu e  pl as t ic column s pr eve n t e d  g a s  f r om 
flow i ng up the s i d e s  of  t h e  columns , t h e r eb y  al l ev i a t i n g  
the  n e e d  f o r  b a f fl e s  on the  column i n t er i or s . A d i sper ­
s i on pl a t e  m ad e  of pla s t ic was  i n s t all e d  on e inc h  fr om 
the  b ot t om of e 8 C" h  c o l u mn , The d i s p er s i on p l a t e s  s up ­
por t ed t h e t e s t  m a t e r i a l s and prov i d e d  a un i form d i s t r i b ­
u t i on of g a s  acr os s t h e  column cro s s - s ect i on .  S amp J i ng 
t aps , c on s i s t ing of � - i nch Tygon t ub i ng , a l l ow e d s amp l i n g  
at s ix - inch int e rva l s t hr oug hout t h e  d epth o f  e ach m a t e r ­
i a l .  The t aps we r e  s e a l ed w i th . cl amps except dur i ng 
s amp l i ng . The t ops of t h e  columns wer e  not c ov e r e d  . t o 
s imul a t e f i e l d con d i t i on s . 
Th e m at er ia l s  w e r e  ev a l u a t e d  u s i ng tw e n t y - e ig ht ·  
co l umn s  s o  t h a t  dup l i c a t e  column s o f  e a c h  m a t e r ial c ou l d 
b e  an aly z e d , t he r e by r ed uc ing exp e r im e n t a l  e r r or . Th e 
col umns w e re hous e d  in an i n s ula t e d ,  wood - f r am e d  s he l t er 
l oc at e d ad j ac en t t o  the d i g e s t e r s  a t  t h e  mun i c i p al s ewag e 
t r e a tm e n t p l an t , S i oux F a lls , Sou t h  Dakot a . Th e f i e l d  
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B LAC K 
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3 I 8 " Ac r y 1 i c --:=:--_....... __ _. .,_ _ _. 
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NOTE : A l l c o l um n s  f o u r i n c h  O. D .  c o r r u g a t e d 
b l a c k  p l a s t i c  t ub i n g . 
L i q u i d  r u b b e r  u s e d  t o  s e a l  l e a k s . 
S amp l i ng t ap s s e a l e d w i t h  c l amp s . 
F i gu r e 1 .  A T yp i c a l  T e s t  C o l umn 
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s he l t e r  p ro t ec t ed the c o l umn s from w i nd a nd r a i n , b u t  t h e  
t em p e r a t u r e w a s  n o t con t ro l le d . The  m a t e r i a l s w e r e  m a in ­
t a i n e d  i n  a· mo ist cond it ion b y  ad d i t ion o f  5 0  m l  o f  w a t e r. 
f r o m  a n  a e � � t e d  l agoon e ac h  s amp l in g  p er i o d . 
T h e  d i g e s t er g as w a s  c o l l e c t e d f r b m  an e i g h t - i n c h  
g a s  m a i n  i n  t he d i g e s t e r b u i l d i n g  a nd t r an sp o r t e d ap p rox ­
�m a t e l y  3 0  f e e t  to the r e s e a r c h  s i t e  t hr o u g h  � - inch p la s ­
t i c t u b i ng . Two w a t er t r ap s w e r e  i n s t a l l e d t o  p r ev e n t 
. c o nd en s a t e  f r om c l o g g in g  t h e l i ne and i mp e d ing t h e g a s  
f l ow • . T h e  g a s en t e r e d t h e bottom o f  t he c o l umn s t h rou gh 
� - i nch Tygon f e e d  l i n e s  and fl owed upw a r d  t h r o u g h  t h e  
t e s t m at er i a l s. Nc e <l l e v a l ve s  we r e  i ns t a l l ed i n  e a c h  f e ed 
l i n e  s o  t h at e qu a l  f l ow c o u l d  be m a i n t a i n e d  t h r o u g h  e . � � -
m a t e r i a l . 
Th e g a s f l ow w a s  m aint a ine d a t  0 . 02 5  c fm for t he 
f i r s t  two w e e k s  o f  s t udy a nd 0 . 0 1 2 5  cfm f o r  t he r ema i n i ng 
t im e . T h e f l o w  r a t e w a s  r e duc e d so t h at it s im u l a t e d g a s  
pro duc t ion o f  an an a e r o b i c  l a g o 6 n . T h e  g as p r e s s 11r e w a s  
m a i n t a i n e d a t  app roxim ate l y  1 1  i nch e s o f  w a t e r . 
T h e  g a s f l o w  w a s  me a s u r e d  w i th a g a s  m e t e r m anu f a c -
tur e d  b y  Me t r i c  M e t a l  Works , Erie , P a . , a nd r e c or d ed e ach 
s amp l i n g  d a t e . I f  a l arg e disc rep ancy in f l ow s  w a s  n o t e d , 
i t  w a s . ch an g e d by ad j us t ing t h e  rie e d l e  v a l v e  i n  t h e  g a s  
l i n e  f e e d in g  t h e  co l umn. Som e v a r i a t i on s  i n  g a s  f l o w  
o c cur r e d  b e c au s e o f  c h ang e s in dig e st e r p r e s s ur e  a nd 
2 3  
amb i e n t  t emp e r a t ur e s , but  over a l l ,  a r e l a t iv e l y  c o n s t ant  
and  e q u a l
.
f l ow w a s  ma i�t a i n e d  t o  al l c o l umns . The  app ar - . 
a t u s  i s  d ep i c t ed pho t o g r aph i c a l ly i n  F i gu r e s  2 and 3 .  
The fq�r t e en m a t er i a l s ,  o r  c omb i na t i o n  o f  m a t e r i a l s  
t h a t  we r e  s e l e c t e d  for  eva l ua t i on ar e p r e s en t e d  i n  Tab l e  
1 .  Th e s e  m a t e r i a l s  w e r e  cho s en be c aus e o f  t h e i r s im i l ar -
i ty t o . m a t e r i a l s w i th  o d o r - r emov al  p o t e nt i a l  m e n t i on e d  in 
t h e  l i t e r a tur e and / o r  th ey we r e  inexp ens ive  and r e ad i l y 
ava i l ab l e . A mo r e  c omp l e t e  d e s c r ip t i o n  o f  t h e s e  m a t e r i a l s 
m ay b e  f o und in  Ap p end ix I .  
T ab l e  1 
M a t e r i a l s  S e l e c t e d f o r  O d o r - Remova l Ev a l u a t i o n  
"' 1  opp e d  p ap er 
So i l  
S awdu s t  
G r o und c o rnc o b s 
i l f  a l f a 
P e a t  mo s s  
C ow manur e 
1 By w e i g ht 
S t yro fo am 
S t r aw 
60 % C o r n c o b s , 4 0 % m a nu r e 1  
E l m  l e ave s 
6 0 %  S awdu s t , 4 0 %  m a nu r e 1  
Woo d. c h i p s  
Scum. l ay e r  fr om a n a e r o b i c  
l agoo n 
F igure 2 .  Overal l View of Te s t  
Co lumn s. 
F igure 3 .  Clos e -up Vi ew of Te s t  
Column s. N 
.p.. 
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S amp l ing P r o c e dur e s  
A p r e l im inary s tudy l a s t ing about 3 0  d a y s  wa s c o n ­
duct e d  i n i t i a l l y t o  d e - bug  t h e  exp er im en t a l  a pp a r a tu s  and 
d ev e l op t he op e r a t ing and analyt i c a l t e chn i qu e s  r e q u i r ed 
t o  s u c c e s s fu l l y c omp l e t e  the  �xp e r iment s .  D a t a  c o l l e c t i o n  
w a s  i n i t i a t ed o n  S e p t emb e r  1 ,  1 9 7 4 , and c omp l e t ed o n  Nov ­
emb e r  4 ,  1 9 7 4 , a p er i od o f  6 5  days. 
S amp l e s  were  c o l l e c t e d app r o x imat e l y  tw i c e  e a ch  we ek  
for  t h e  f ir s t  4 8  d ays and  once e a ch we e k  t he r e a f t e r . 
S amp l e s  f o r  a g iv en run we re  c o l l e c t ed and an a l y z ed for  
s ix ,  1 2 , 1 8  and 2 4 - inch d e p t h s  from t h e  b o t t om of  each 
c o lt m n . T h e  t o p  s a m p l e ( a t 2 4 i nch e s )  was  c o l l e c t ed by 
p l a c i ng a p l a s t i c c ov e r  o v e r  the c o l umn . Th e s amp l e  wa s 
c o l l e c t ed appr ox im a te ly f i ve minut e s  a f t e r  c o v e r ing t h e  
c o l umn , a p e r i o d s u f f i c i e nt  to  a l l ow t he c l e a r  s p a c e  b e ­
twe e n  t he c ov e r  and the m a t er i a l  i n  the c o l umn t o  b e  
pu r g e d  o f  a i r  b y  the  d i ge s t er g a s . 
Ana l y t i c a l  D e t e rm i na t i on 
A Tutwe i l e r  app aratus  was ut i l i z ed for  t h e  hydr o g en 
sul f id e  ana l y s e s . The app aratus  h a s b e en r e p o r t ed c apab l e 
o f  me a s ur i n g  hydr o g en s u l f i de c oncent r a t i o n s  a s  l ow a s  3 
gr a i n s / 1 0 0  f t 3 (0 . 0 7 mg / l ) (4 6 ) , howev e r , dur i.ng  the s e  
inv e s t i g a t i on s ,  i t  w·a s . found that conc ent r a t i o n s  b e l ow 1 0  
gr a i n s / 1 0 0 f t 3 (0 . 2 3  mg/ l )  c ou l d  no t b e  m e a sur e d  ac c ur at e ­
ly . Ove r a l l  a c c u r acy o f  t h e  in s t rument wa s e s t ima t ed a t  
+ 
- 5 p e r c e n t . I t  s ho u l d  b e  no t ed that t h e  m e a s ur em e n t s ·  
. -
wer e n o t  c o rr e c t e d fo r t emp e r a ture and p r e s s ur e  b e c au s e 
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t h e c o rr e c t i o n s  w e r e l e s s  than the ac cur a c y  o f  t he u n i t .  
Al t hough mor e a c c ur a t e  m e t hods  for d e t e rm i n i ng hyd r o g en 
· su l f i d e  a r e  ava i l ab l e , t he exp end i t ur e s  o f  t im e  a nd money 
n e c e s s ary t o  a ch i ev e  t h e  s l i ght inc r e a s e  i n  a c c u r a c y  m ad e  
. p o s s i b l e b y  u s ing mo r e  e l ab o r a t e  in s t rumen t a t i o n wo u l d  . . 
hav e  b e e n ou t o f  p r o p o r t ion t o  the  add i t i on a l  b en e f i t s  
o b t a i n ed (47) . 
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RESULTS  AND D I S CU S S I O N 
The  d a t a  c om p i l e d dur ing th e s e  inve s t i g a t i o n s  a r e  
' 
p r e s en t ed i n  Ap p e nd i x  I I .  An an a l y s e s  o f  v a r i an c e (ANOVA ) 
was c o nd u c t e d t o  a i d i n  the  i n t e r p r e t a t i o n o f  t h e  d a t a  b e ­
c au s e  o f  t h e  l ar g e  numb e r  o f  m e asur emen t s  t h a t  we r e  r e ­
c o r d e d , and t h e  num e r o u s  chang e s  that o c c u rr e d . T h e  
ANOVA , p r e s e n t ed i n  Ap p end ix I I I ,  ind i c a t e d  t h a t  a l l  t he 
ma te r i a l s an a l y z e d w e r e  s i gn i f i c ant l y  d i f f e r e n t  a t  t h e  
5 p e r  c e n t  l ev e l , and t hat  s i gn i f i c an t  c h a ng e s  i n  hydr o ­
g e n  s u l f i d e  r emova l e f f i c i e n c y  o c curred  w i t h  r e s p e c t  t o  
t im e  and d e p t h  o f  m a t e r i a l . The re fo re , t h e  d ep t h  and 
t im e i n t e r a c t i o n s w e r e  s ub j e c t ed to  fur t h e r  a n a lys · s e  
Hyd r o g en S u l f i d e  Remo v a l  a s  a Func t i o n  o f  T im e  
T h e  p e r  c e n t  o f  hydro g e n  s u l f ide  r em o v e d  g en e r a l l y  
i n c r e a s e d  w i t h  t im e  for  e a c h  ma t e r i al  dur i hg t h e p er i o d  o f  
s t udy , h owever , t l 1e  r emova l e f f i c i e n c i e s  a t t a in e d b y  e a c h  
mat e r i a l  va r i e d c o n s i d e r ab l y . l n  Tab l e  2 ,  t h e  m a t e r i a l s 
are r a n k e d  i n  o r d e r  o f  t he i r e f fect iven e s s i n  r emov ing 
hydr o g e n  s u l f i de , and arb i t r a r i l y  c l a s s i f i e d as  h i gh , _  
in t e rme d i a t e  or  l ow .  
The ma t e r i a l s  wer e rank e d  and c l a s s i f i e d a c c o rd i ng 
t o t h e r emova l e f f i c i e nc i e s  t hey at t a in e d  b y  t h e  end o f  
the  s t udy .  A l o w r at ing i nd i c a t e d t h e  t r e nd i n  hyd r o g e n  
s u l f i d e  r em o v a l  e f f i c i e nc y  d i d  n o t  exc e e d  6 0  p e r  c e nt 
T ab l e 2 
R e l a t iv e  E f f e c t i v e ne s s  o f  T e s t  Ma t e r i a l s 
i n R em o v i n g  Hyd r o g e n S u l f i d e  
Ma t e r i a l  
S o i l  
Manur e  
Manu r e  and S awdus t 
Man u r e an d C o r n c o b s 
S t r aw 
S c um l ay e r  
Wo o d  c h i p s  
S awdu s t  
E l m l e a v e s 
A l f a l f a  
P e a t mo s s  
S ty r o fo am 
C o r n c o b s 
P a p e r  
Ra t i n g  
H i g h  
I n t e rm e d i a t e
2 
I n t e r m e d i a t e 
I n t e rm e d i a t e  
I n t e rm e d i a t e 
L ow 3 
L o w 
L o w  
L ow 
L ow 
L o w  
L ow 
L ow 
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R em o v a l e f f i c i e n c y  b e t we e n 6 0  and 
7 5 p er c e n t 
3 R e mo v a l e f f i c i e n c y  b e l o w 6 0  p e r  c e n t  
du r i n g  t h e  p e r i o d o f  s tudy ; a n i n t e rm e d i � t e  r a t i ng i nd i ­
c a t e d r em o v a l  e f f i c i e n c i e s  b e twe e n  6 0  a n d  7 5  p e r  c e n t  w e r e  
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a t t a ined ; and a h i gh r a t ing ind i c a t ed . a r em oval  tr end in 
exce s s  o f  7 5  p e r  c ent . 
Cornc o b s  a�d P a p e r  
An in s i gn i f i c an t  amoun t o f  hydro g e n  s u l f i d e  wa s r e ­
move d b y  g r ound c o rn c o b s  a n d  chopped p ap er dur i n g  t h e  
s tudy . . Th e r em ova l s  that  d i d o c c ur m a y  h av e  r e s u l t ed fr om 
ab s o rp t i on  of hydr o g e n  s u l f i de by the wa t er tha t was ap ­
p l i e d  t o  the  m a t e r i a l s t o  keep them mo i s t . The r emov a l  
r a t e  wou l d  th en dep end on the r a t e  that  hyd ro g e n  sul f ide 
d i s s o lv e d  in t h e  wa t e r  ( 2 3) . I t  shou l d  b e  n o t ed t h a t  
dat a f r om o n l y  o n e  o f  the co lumns con t a in i n g  p ap er w e r e  
us ed i n  t h e  a n a l y s i s  b e caus e t h e  inl e t  l in e  o n  t he o t her 
co lumn b e c am e  c l o g g ed , t her eby ob s truc t in g  t h e  f l ow o f  
g a s  thr o u g h  t h e  mat er i a l . Ev en fo r the c o l umn t h a t  w a s  
· us e d , d i f f i cu l ty was  exp e r i enced i n  ob t a in i n g  r ep r e s enta ­
t iv e s amp l e s  fr om the s ix ,  1 2 and 1 8 - i n c h  l ev� l s b e c au s e 
the s amp l ing t aps b e c ame c l o g g ed w i th t h e  p ap er . 
S awdu s t , S tyr o fo am ,  and Elm L e av e s  
' Al t hou gh s awdus t ,  s t yr o foam ,  and e lm l e ave s exhib i t ed 
po o r hydr o g en s u l f i de r emova l e f f i c i enc i e s , t h e  e f f i c i en ­
c i e s  inc r e a s e d in a l in e a r  f a s h i on throughout th e dur a t i on 
o f  the s tudy . The ef fect  o f  s tyro fo am in r emov in g  hydro ­
g en s u l f i d e i s  charact er i s t i c of · the s e  mat e r i a l s and i s  
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i ncr e a s e  in r emo v a l  e f f i c i ency ' s e ems to i n d i c a t e  t hat 
b i o l o g i c a l , r a t h e r  t han p h y s i c a l  or c h em i c a l  m e ch a n i sm s  
we r e  r e s p o ns i b l e  f o r  t he r em ov a l  _ o f  h yd r o g e n s u l f i d e . 
S awdus t ,  s ty r o fo a rn , and e lm l e ave s a r e  r e l a t iv e l y  
p o o r  s ub s t r a t e s f o r  m i cr ob i o l o g i c a l  g rowt h� b u t  c o u l d  
p r ov id e  s i t e s  of  at t achm e n t  f o r  o rgan i sm s  s im i l ar t o  
t r i c k l i n g  f i l t er m e d i a . TDe m i croorg a n i s m s  c o u l d  s ub ­
s e quen t l y  u t i l i z e  cons t i t uent s o f  the g a s  ( i . e .  C H 4 , c o 2 , 
N 2 , H 2 S )  i n  t h e i r  me t ab o l i sm a s  the g a s  f l ow s  t hr o ugh t h e  
c o l umn . T h e  o r g an i sm s  wh i ch u t i l i z e r e duc ed  s u l fur c o m ­
p o u nd s a r e  p r im a r i l y a u t d t r o p h s  o r _ facu l t a t i v �  au t o t r o p h s  
( 4 3) a nd t h e r e fo r e r e qu i r e l i t t l e  o r g an i c  ma t e r i a l  for  
g r ow t h .  O r g an i s  s of  t h i s  n a t u r e  h a v e  r e l a t iv e l y  low 
g r owth r at e s  a nd t he r e fo r e  r e qu i re  l ong e r  a c c l ima t i o n  
p er i o d s . Th i s  mi g h t  b e  a n  e x p l an a t i o n  f o r  t h e  g r a d u a l  
inc r e a s e i n  T emov a l  e f f i c i ency . Thu s , i t  i s  c onc e ivab l e  
t h a t t h e s e  m a t e r i a l s  c o u l d  b e  r e c l a s s i f i ed i n t o  a h i g h e r  
p e r fo rm anc e  c a t e g o r y  i f  t h e  r emova l e f f i c i e n c i e s  wou l d  
c on t i nu e t o  i n c r e a s e  w i t h  t i.m e  acco rd i n g  t o  t h e  t r end 
S hown in F i gur e 4 .  L on g er op e r a t ing t im e s w o u l d  b e  r e -
qu i r e d t o  s ub s t an t i at e  t h i s  p o s s i b i l i ty . 
P hy s i c a l  o r  c h em i c a l  r emoval  m e c han i sm s  m a y  h ave 
b e en e f f e c t ive i n i t i a l l y  i n  t he e lm l e av e s  a nd s awdu s t a s  
e v i d enc e d  b y  t h e  z o  p er c e nt r em ov a l  e f f i c i en c i e s a t t a i n e d  
on t h e  f i r s t  s amp l i ng da te .  S u b s t anc e s  s uc h  a s  l i g n in , 
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p r e s e n t  in w o od an d known to r e a c t  w i t h hyd r oge n s u l f i d e , 
. . 
m ay have  b e en r e s p on s i b l e  f o r  t h e  h yd rogen s u l f i d e  r em o v -
a l . No r em o v a l s  o c cur r e d  in t h e  l o wer 1 8  i n c h e s o f  e i t he� 
m at e r i a l aR the f i r s t d ay of s amp l i n g , b u t  t h e i n i t i a l  
t e s t s  we r e  c o ndu c t ed 2 4  h o ur s  aft e r s t ar t - up a n d  b r e a k ­
t h r o u g h  m ay h a v e  a l r e ady o c curr ed a t  th e s e l ev e l s .  
Al f a l f a , P e a t  Mo s s , S t r aw , and Cor n c ob s p l u s  M anu r e  
A s  s h o wn i n  F i g ur e s 5 - 8 , a l f a l f a , p e at m o s s ,  s t r aw ,  
and t he c o r ncob -m anu r e  m i xture a l l  exh i b i t ed t h e  s am e 
gen er a l  p a t t e r n  o f  hyd rog e n  s u l f i d e r emov a l  w i t h  r e s p e c t  
t o  t im e . Howev e r , a lfal f a  and p e a t  mos s o n ly r e a c he d  a 
S O  p e r c e n t  r emova l e f f i c i en cy , whe r e a s , t he s t r aw an d 
c o r n c o �- m a n u r e m i x t u r e  r em o v e d  app r o x im a t e l y 7 0 p e r c en t 
of t h e  hyd r o g e n s u l f i d e af t er 3 0  d a ys  of o p e r a t i on . 
T h e  m ann e r in wh i c h  r emova l ef f i c i enc i e s  of thes e 
m a t e r i a l s i n c r e a s e d  w i t h  t im e  r e s em b l e s t he p a t t e r n  t h a t  
wou l d · b e an t i c ip a t e d  i f  b i o l o g ic a l r emo v a l  m e c h a n i s m s  wer e  
a c t i v e . S t r aw and t h e  c o rn c o b - manur e m i x t u r e e x h i b i t e d 
app r o x im a t e l y  2 5  p e r c e n t  i n i t i a l  r emov a l s wh i c h  w o u l d  
b e  i n d i c a t i v e  o f  c h em i c a l  o r . p hy s i c a l . m e c h an i s m s . 
The  a s ymt o t i c r �mova l e f f i c i en c i e s  tha t  wer e o b ­
t a i ne d a f t e r s e v e r a l  w ee k s  o f o p e r a t i o n  c o u l d  b e  the 
r e s u l t o f  a numb e r o f  f a c t o r s . F o r  e x amp l e , t h e m a x imum 
f I f .  l !· nr11 o va l  f o r  a 2 4 - i nc h  b e d  o f  r at e o hyd r o g e n s u  · _ i c e  � 
th h b r � � ch ed .JT_ n t 11 i � c La s e , a e s e m a t e r  i a 1 s m ay a v e e e n  - ..... · · � ..., 
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moval e f f i c i en c i e s . 
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How e v e r ,  t h e  l eve l i ng o f f o f  r em o v a l  � f f i c i e n c i e s  
c o u l d  h a v e  r e s u l t e d f r o m  t h e f o rm a t i o n  o f  c on d i t i o n s  un ­
f av o r a b l e  f o r c o n t i n� e d o p t imum b i o l o g i c a l  g r ow t h . T h e s e  
c o nd i t i o n s c o u l d  b e  c a u s e d  b y  a n  i n c r e a s e o f  t o x i c  s u b ­
s t a n c e s  i n  t h e  m a t e r i a l s . - S u c h  a n  o c c u r r e n c e c o u l d r e s u l t 
fr o m  a b u i l d u p  o f  s u l f i d e s  i n  t h e  m a t e r i a l s a nd s u b s e q u e n t  
i nh i b i t i o n o f  b i o l o g i c a l  g r ow t h . I t  h a s b e e n r e p o r t e d 
t h a t  b i o l o g i c a l  r em o v a l i s  n o t s i gn i f i c a n t wh e n  hyd r o g e n _ 
s u l f i d e c o n c e nt r a t i o n s  ex � e e d 1 0 0 m g / l ( 2 3 ) . · Al s o , · t h e  
d i ge s t e r g a s  may h av e  c o n t a i n e d  o t h e r t ox i c s u b s t an c e s . 
B i o l o g i c a l  g r o w t h  c o u l d  a l s o  h av e b e e n i n h i b ited b y  
a s h i f t i n  hyd r o g e n i o n  c o nc e n t r a t i o n  ( p H )  d u e  t o  t h e  
pr e s e n c e  o f  c e r t a i n m a t e r i a l s  i n  t h e d i ge � t e r  g a s . . C a r l ­
s o n  a n d  L e i s e r ( 2 2 )  n o t e d t h a t  t h e  p H  o f  s 6 i l s  d e c r e a s e d 
wi t h  t h e a dd i t i o n o f  hy dr o g en s u l f i d e  o v e r  a p e r i o d o f  
s e v e r a l  we e k s , r e a c h i n g  2 . 5  in o n e  c a s e . I t  s ho u l d  b e  
no t e d ,  h o w e v e r , t h a t  a e r o b i c c o nd i t i o n s  w e r e m a i n t a in e d  
i 1  t h e i r  s t udy , a n d  i ri  a n  a e r o b i c  env i r o nm e n t, the g r ow t h 
o f  s u l fur ·· ox i d i z i n g o r g a n i sm s  s u ch a s  !h i o b a c i l l u s_ 
t h i o ox i d an s w a s  p o s s i b l e . T h e s e  o r g an i sm s  ox � d i z e  hyd r o ­
gen s u l f i d e  f o rm i n g  s u l f u T i c  acid , and ar e c ap ab l e  o f  
gr o w i n g a t. a p H  a s  l o w a s  o n e  ( 4 2 )  . Howev e r , i n  t h e · 
s t u d i e s d e s c r ib e d  h e r e i n , a p H  un f avo r ab l e  f o r  o p t lmum 
3 8  
g r o wt h  m ay h a v e  b e e n  d ev e l op e d , du e t o  t h e ana e r o b i c  e n ­
v i r o nm e n t  t h a t  p r e va i l e d in  t h e c o l umn s . A g r o wt h ­
l im i t i ng p H  d e v e l o p e d thr o ug h � a tu r a l f ermen t a t i on may 
h a v e  d ev el o p e d i n  the c o l umn s c o n t a in i ng s t r aw or a l f a l fa . 
T h e  hyd r o g en i o n  c o nc en t r a t i o n  i s  imp o r t an t n o t  o n l y 
f o r  b i o l o g i c a l  r e a s o n s , b u t  a l s o b e c �u s e  i t  i n f l u e n c e s 
t h e i o n i c  e q u i l i b r i um o f  hydr o g en s u l f i d� ( 4 8 ) . A s  i nd i -
c a t e d  i n  F i gu r e 9, hyd r og en s u l f i d e  d i s s o c i a t e s  w i t h  an 
inc r e a s e  i n  pH f orm ing su l f hyd r y l o r  s u l f i d e i o n s . T h e r e -
f o r e , · no t m u c h  o f  t h e o d o r o u s un d i s s o c i a t e d hyd r o g e n 
s u l f i d e  wo u l d  ex i s t  in  m a t e r i a l s  whe r e t he p H  wa s ab o v e  8 .  
B a s e d o n  t h i s  p l-I  r e l a t i o n s h i p , t h e  o b s e r v a t i o n s o f  C a r l ­
s o n e t  a l . ( 2 3 ) , who r e p o r t e d t ha t  s o i l  a t  p H  8 . 0  r em o v e d  
m o r e  hy d r o g e n  s u l f i d e  t h a n  s im i l a r s o i l  a t  p H  4 . 0  o r  5 . 8 ,  
w o u l d  b e  an t i c i p a t e d . 
The p H  o f  a m a t e r i a l  c o u l d  b e  ma i n t a in�d e i t h e r b y  
b u f f e r i n g  p r i o r  t o  i t s  u s e , o r  b y  in t e rm i t t e n t  s p r ay i n g 
w i t h  a b a s i c  p H  s o l u t i o n ( 2 3 ) . · Th i s wou l d b e  p a r t i c u l ar ­
l y  app l i c ab l e  a t an i n s t a l l a t i o n  wh e r e  a b a s i c  w a s t ewa t er 
wa s  av a i l ab l e , s u c h  a s  t h a t  f r om a c au s t i c  p e e l er in  a 
p o t a t o  p l a n t . 
M anure 
As i n d i c a t e d  i n  F i g u r e  1 0 , m anur e d em o n s t r a t e d a n  
i n c r e a s i ng p e r c e n t a g e  o f  hyd r o g e n s u l f i d e  r em ova l t hr o u g h ­
o u t  t h e e n t i r e  p e r i o d  o f  s t u dy . T h i s  m a t e r i a l  w a s 
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i n c l ud e d  i n  t h e  h i g he s t  c a t e g o ry no t o n l y  b e c a u s e r emov a l  
e f f i c i e n c i e s  · ev e n t ua l l y e x c e e d e d  8 0  p e r  c e n t , b u t  a l s o  
b e c au s e  t he e f f i c i enc i e s  w e r e  i nc r e a s i n g  wh e n  t h e  s t udy 
w a s  t e rm i na t e d . F u r t h e r  a na l y s i s  of t h i s  ma t e r i a l i s  
n e c e s s a ry o v e r  a l ong e r  p e r i o d  o f  t im e  i n  o r d e r  t o  d e t e r -
m i ne i t s  f u l l p o t en t i a l . The inc r e a s i n g  r em o v a l e f f i c i e n ­
c y  w o u l d  b e  c h a r a c t e r i s t i c o f  b i o l o g i c a l  r em o va l . H o w ­
ev e r , ad s o r p t i o n m ay have b e en a f a c t o r  a t  t h e b e g i nn i n g  
o f  t h e  s t udy a s  i nd i c a t e d  by t h e  in i t i a l  r em o v a l o f _ n e a r l y  
3 0  p e r c e n t . 
M a n ur e  no t o n l y  c o n t a i n s  ab und a n t  n u t r i e n t s  f o r  
· m i c r o b i o l o g i c a l  g r ow th , b u t  a l s o  h a s  a l a r g e  num b e r  o f  
" s e e d " o r g an i s m s . I t  i s  l i k e l y  t h a t  t h e s e  o r g an i s m s  
w o u l d  a l r e a dy b e  a c c l ima t e d  t o  an a e r ob i c  d i g e s t i o n  
p r o du c t s s u c h  a s  co 2 , me t h ane , and h y dr o g en s u l f i d e . I t  
h a s  b e e n r e p o r t e d t h a t  o r g an i sm s  a c c l im a t e d t o  hyd r o g en 
s u l f i d e  a r e  c ap a b l e  o f  r emov ing a g r e a t e r  p o r t i o n o f  t h e  
g a s  t h an n on - a c c l im a t e d  o r g an i sms ( 2 3 ) . 
A s  s h own i n  T ab l e  2 ,  i n t e rmed i a t e  r em o v a l  e f f i c i e n -
c i e s ( 4 0 t ci  6 0  p e r  c e n t ) w e r e  ob t a i n e d  f o r  m i x t u r e s  o f  
m an u r e ·w i T h  s aw d u s t o r  c o rnc o b s  . . I t  i s  i n t e r e s t in g  t o  
no t e  t h a t  s a w d u s t and .c o rn c o b s w e r e  r e l a t iv e l y  i n e f f e c ­
t iv e i n  r e::rl o v in g hyd r o g e n  s u l f i <l e ; howe v e r , w h e n  m anu r e  
wa s c 0mb i n e d  w it h  t h e s e  ma t e r i a l s ) � o n s i d e r ab l y  h i gh e r  
· 
b t  · d T h i s  s e em s t o  v e r i fy r emo 1.r a l  e f f i c i e n c i e s  we r e  o a in e  · 
4 2  
t h e  s t a t eme n t  by  C a r l s on ,  e t  a i . ( 2 3 ) , tha t "w i t h  t he 
add i t i on o f  nu t r i e nt s , ma t e r i al s such a s  v e rm i c u l i t e o r  
s yn t h e  t i c p r oduc t s m i g h t  s e rve we  1 1  a s  f i 1 t e r  s b y  p r o v  id -· 
i n g  a · l o os e l y  p ac k ed m at er i a l  wh ich  c o u l d  fac i l i t a t e g a s  
an d wa t e r  f l ows . "  
S o i l , Wo o d  c h i p s , S c um l ayer , and S awdu s t  p l u s  Manur e 
Th e m anur e - s awdu s t  m ix t ur e , l o am s o i l , 
_
s cum l aye r , 
an d w o o d  c h ip s a l l exhib i t e d r emova l e f f i c i e nc i e s  wh i c h  
v a r i e d w i t� t im e  a c c o r d ing t o  quar t i c fun c t i o n s . A t yp i ­
c a l  r e sp ons e o f  t h i s  typ e i s  p r e s e nt e d  i n  F i gu r e s  1 1  and 
1 2 , wh i c h  are t h e p l o t s  fo r the manur e - s awdu s t m ix t u r e  
and s o i l . 
T h e  qu a r t i c  r e sp o n s e was no t conf i n e d  t o  m a t e r i a l s  
ex h i b i t i n g  t h e  s am e  g e n e r a l  r ang � o f  r emov a l  e f f i c i e nc i e s , 
b u t  r a t h e r  ex i s t ed i n  mat e r i a l s w i t h  h i gh , . i n t e rm e d i a t e , 
and l ow r emova l e f f i c i enc i e s . However , w i t h t h e  e x c ep t i o n  
o f  t h e  wo o d  c h ip s , t he s e  mat e r i a l s a l l  a t t a i n e d  r em ov a l  
e f f i c i en c i e s  i n  ex c e s s  o f  9 0 · p er c ent f o r  a p e r i o d  o f  t im e  
dur i n g  t he s tudy . 
C hang e s  i n  t emp e r a t u r e  and f l ow r � t e  wer e  c o n s i d e r ed 
a s  p o s s ib l e c aus e s  o f  t he o s c i l lat i on ,  b u t  c ar e fu l  s tudy 
o f  t he s e  f ac t o r s  i nd i ca t e d  no c o rr e l a t i o n , ·a l t h o u g h  s om e  
ch ang e s  i n  f l ow and t emp e r a tur e o c curred . T h e  ave r a g e  
d a i l y  t emp e r a t u r e  (App end ix  I V )  d e cr e a s e d app rox ima t e l y  
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w a s  d e em e d  t o o  l o w t o  p r o d u c e i h e  o s c i l l a t o ry r e s p o n s e .  . . 
Fu r t he rm o r e , t emp e r a tu r e v a r i a t i on s  t ha t  d i d  o c c u r  d i d  
n o t  c o r r e s p on d  t o  t h e  o sc i l l a t i o n s . 
T emp� r a t u r e  wa s m o n i t o r e d  b e c a u s e  i t  w a s  f ound t o  
a f f e c t  hyd r o g e n s u l f i d e  r emov a l  r a t e s  i n  s o i l  s ys t em s  
( 2  3 ) • I n  m o i s t  s o i l s ,  i n c r e a s e d  r emov a l s w e r e  o b s e rv ed 
w i t h i nc r e a s e s  in t emp e r a � ur e .  Th i s  w a s a t t r i b u t e d  t o  
t h e  e n d o t h e rm i c  n a tu � e o f  mo i s t  s6 i l s a n d  t h e  i nc r e a s ed 
dr i v i n g f o r c e  p r o v i d e d  b y  t h e  h i gh e r  t emp e r a t u r e s . I n  
4 5  
d ry s b i l , t h e  r emo v a l  m e c h an i s m s  have b e e n  d� t e rm i n e d t o  
b e  e x o t h e rm i c .  C o n s e q u e n t l y , i n c r e a s e s  i n  s o i l  t emp e r a -
t u r e  w o u l d  r e s u l t i n  l owe r hy d r o g e n  s u l f i d e  r em o v a l s .  
Th u s , c h an g e i n  mo i s t ur e  c o n t e n t  and / o r  t emp e r a t u r e 
c o u l d  r e s u l t i n  o s c i l l a t i n g  hydr� g e n  s u l fi d e r em o v a l s . 
How e v e r , t he r e  w a s  n o  c o r r e l a t i o n b e t w e e n  t emp e r a tu r e ,  
mo i s t u r e c o nd i t i o n s , and t h e  o s c i l l a t i n g  r emo v a l  p a t t e rn .  
C o n s e q u e n t l y , t h e s e  fac t o r s  ap p a r e nt l y  c an n o t b e  u s e d  t o  
exp l a i n t he o b s e rv e d  t im e  r e s p on s e . 
The o s c i l l a t o r y t im e - r emova l b e h av i o r - m i gh t  h av e  
r e s u l t e d  f r o m  a s h i f t i n  m i c r o b i a l p r ed o m i n an c e  o r  a _ 
b u i l dup a n d· s ub s e qu e n t  r em o v a l  o f  t o x i c  s ub s t an c e s .  T h e  
d e c r e a s e  i n r em o v a l e ff i c i e n c y  exh i b i t e d du r i n g t h e  f i t s t  
we e k  o f  s amp l i n g  c G u l <l  have be e n due t o  a l e a k a g e  o f  hy -
d d l t . f r' om a n  exh a u s t i o n  o f  t h e  ad -r o g e n  s u l { i  e r e s u 1 n g  
s o rp t iv e  c a p a c i t y  o f  t h e  m a t e r i a l . The s e c o nd d e c r e a s e 
4 6  
i n  r em ov a l  e f f i c i e n cy c o u l d  b e � a t t r i b u t e d  t o  a p r e d om i n ­
an c e  s h i f t o r  i nh i b i t i o n f r om a n  i nc r e a s e  i n  t ox i c  s ub -
s t anc e s .  
Th e · � awd u s t - m anur e m i x t ur e wou l d  h a v e  b e e n c on s i d ­
e r e d t h e  mo s t  e f f e c t i v e  o d o r - r edu c i n g  ma t e r i a l  t e s t ed i f  
t h e  r em ov a l  e f f i c i ency h a d  n o t  d e c r e a s e d  d u r i n g  t h e  l a s t  
two w e e k s  o f  t h e  s t udy . Howeve r ,  i t  c a n b e  s e en f r o m  
F i g u r e l f , t h a t  o n l y  one d a t a p o i n t  wa s o b t a i n e d  wh i c h  
c o ul d  b e  i n t e r p r e t e d  a s  a r e t ur n  t o  h i g h - p e r f o rman c e  r e -
mov a l � o t h e rw i s e , t h e  m a t e r i a l  wou l d  h av e  b e en g i ve n  a 
l ow r a t i n g . No n e t h e l e s s , t h i s m a t e r i a l  a c h i ev e d  hyd r o g e n  
s u l f i d e  r em o v a l s  i n  e x c e s s  o f  75 p e r c e n t  n e a r l y  h a l f o f  
t h e  t im e , a n d  o n  f o u r  d ay s , r em 6 v a l s o f  9 8  p e r  c e n t w e r e  
a c h i e ve d . T h e r e f o r e , fur t h er t e s t i ng . o f  t h i s m i x t u r e 
wou l d  s e em w a r r a n t e d . 
A f t e r  t h r e e . w e e k s  o f  t he s tudy h ad e l ap s e d ,  hyd r o g en 
s u l f i d e  r em o v a l s  f o r  t h e  anae r o b i c  l a g o on s cum l ay e r  
r an g e d  b e tw e e n  6 0  a n d  8 0  p e r  c e n t . S cum l ay e r s h a v e  b e en 
r ep o r t e d  t o  b e  e f f e c t i v e  i n - r e du c i n g  o r  e l im i na t i n g  o d o r s  
�r am ;n a e r o b i c  l a g o o n s t r e a t ing m e a t  p a c k i n g  w a s t e s ( S , 
6 ,  7 j  8 ) . Th e s e  f i nd i n g s wo u l d  appe a r  t o  b e  s ub s t a n t i a t ed 
b y  t h e  s t ud i e s d e s c r i b e d her e in . How ev e r , � f i n i t e 
p r e s s u r e g r ad i e n t i s  r e qu l r ed fo r g a s  t r an s p o r t t h r ou g h  
t h e  s c um a n d  t h i s  p r e s sur e m ay a l s o  p r ev e n t  a p or t i o n  o f  
t h e  g a s  f r om e s c a p i ng , t he r e b y  � ontr i b u t i n g  t o  a r e duc t i o n 
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o f  o d o r s . Hyd r o g en s u l f i d e  r e i a i n e d  i n  t h e  an a e r o b i c  l a ­
g o o n e f f l ue n t  w o u l d  b e  ox i d i z e d  in t he a e r o b i c  e nv i r o nm e n t  
o f  t h e  a e r a t ed l a g o o n s  wh i c h  n o rm a l l y fo l l ow an a e r o b i c  
s y s  t e rn s , ·r e d u c i ng t h e  o d o r . I n  a dd i t i o n , i f  t h e  p H  o f  t h e  
a e r a t e d  l a g o o n  w a s  a-b ove 8 ,  n e a r l y  a l l t h e  h yd r o g e n  s u l ­
f i d e  wo u l d  d i s a s s o c i a t e  fo rm i ng s ul fhyd r y l  i o n s . 
F r om t h e  p l o t  o f  hyd r o g e n s u l f i d e  r em o v a l  e f f i c i e n cy 
f o r  s o i l v e r s u s t im e , p r e s e n t e d  in F i gur e 1 2 , i t  c an a l s o  
b e  s e e n  t h at t h e  r em ova l e f f i c ie ncy o f  t h e  l o amy s o i l  
f l u c t u a t e d , b u t  r em a i n e d  n e ar 8 0  p e r c e n t . C ar l s o n a n d  
L e i s e r  ( 2 2 )  r ep o r t e d a 9 2  p e r c e nt r e d u c t i on 1n  hydrogen  
s u l f i d e  t h r o u g h  t h e  b o t tom 2 4  inche s o f  t h e i r  s o i l  c o l ­
um f o r a f 1 o w  r a t e o f  0 • 3.4 c f  m/ ft 2 and a hyd r o g e n  s u 1 -
f i d e  c o n c e n t r a t i o n  o f  9 . 5  m g / l . Fo r a p p r o x i m a t e l y t h e  
s am e c o nd i t i on s , e x c ep t  f o r  f l o w wh i c h  w a s a b o u t  5 0  p e r  
c en t l owe r , r emova l s  o f  ab o u t  8 0  p e r c en t  w e r e o b t a i n e d  
f o r s t u d i e s  d e s c r i b e d he r e i n . 
I t  i s  l i k e l y t ha t  a e r o b i c  c o nd i t i o n s  e x i s t e d i n  t he . 
c o l �mn s o f  C a r l s on and L e i s er b e c au s e  a i r  w a s  us e d  t o  
t r an s p o T t t h e hydr o g en s u l f i d e . Thus , a e r o b i c  s u l fu.r 
b a c t e r i a  s u c h  a s  }'h i o b a c i l l� t�1_ i o o�i. d an s c o u l d  h av e  o x i - · 
d i z e d t h e s u l f i d e s  t o  s u l f a t e s . F u r t h e rm o r e , d a t a f r om 
t he i r
. 
i nve s t i g a t i o n s  wo u l d ap p e a r  t o  s u b s t a n t i a t e  t h e  
· b . 1 · 1 o x i· d a t i· o n s i n c e s u l fa t e s  p r e s en c e  o f  a e rob i c  i o  o g J_ c a  · · "" 
i n c r e a s e d i n  t he s o i l  frum 2 9 8  mg / l  a t  t he b e g i n n i ng o f  
the  s tudy t o  2 1 2 0  mg / l  a f t e r  thr e e  we e k s . I n  c o n t r a s t 
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t o  t h e  wo rk o f  Carl s on and L e i s e � ,  i t  i s  b e l i ev e d  that 
cond i t i on s  w i t h in the c o l umn s us ed for t h e  i nv e s t i g a t ions 
d e s c r i b e a  her e i n were  p r imar i ly anae rob i c . I t  i s  l i ke ly 
that a e r ob i c  c ond i t i o ns ex i s t e d only a t  the t op . o f  the 
m a t e r i a l  b e c au s e  the  c o lumn s we r e  unc o v e r e d . So i l  wa s  
r a t e d  i n  t he h i g h remova l cat eg o ry b e c au s e t h e  r emova l 
e f f i c i en cy f o r  th i s  mat e r i a l wa s c ons i s t e nt l y  h i gh . 
Hydr·o·g·en su-l f id e  Removal as a Func t i o n  o f  D e p t h  
The m e d i an hyd r o g en s ul f i d e  r emova l e f f i c i enc i e s  at 
dep ths o f  s ix ,  1 2 , 18  and 2 4 i nc h e s  fo r s e l e c t e d mat e r i a l s 
a f t e r 3 2  day s  o f  s tudy , are  p r e s e n t ed i n  Tab l e  3 , and for  
the  r ema i n i n g  mat er ial s ,  in App end ix V. The r a n g e  o f  
e f f i c i e n c i e s  a r e  s hown i n  the p ar e nth e s i s . W i t h  the ex ­
c ep t i on o f  s t r aw ,  s o i l , and the manu re  m i x t ur e s , prac t i ­
c a l l y  a l l  t h e  hydr o g en s u l f i d e  was r em ov e d  i n  t h e  t op � ix  
inche s of  m at e r i a l . Th i s  s e ems t o  ind i ca t e  that  a e r ob ic , 
r a t he r  than ana e rob i c  b i o l og i c a l  m e chan i sms  w e r e  r e sp on­
s ib l e  f or the  h yd r o g en s u l f i d e  r emoval . The  c o l umn s wer e 
n o t  c over e d  s o  aerob i c  c o nd i t i on s  pro b ab ly ex i s t ed a t the 
top o f  t h e  c o l umn s p e rmi tt ing the grow t h  of a e r o b ic 
su J fur - ox i d i z i ng m i c r oorg an i sms . 
V e ry l i t t l e  hyd.r o g en s u l f i d e  was r emove d in the l ower 
dep ths  o f  t h e  c o lumn s in wh ich the env i r onm e n t  w a s  an ­
aer ob i c . Thi s f in d i n g  wou l d  b e  an t i c ip a t ed b e c aus e 
Ma t e r i a l  
S o-i l 
S awdu s t  
Al f a l fa  
Manu r e  
S tr aw 
Co rnc o b s 
p l u s  
Man ur e  
S awd u s t 
p lu s  
Manu r e  
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Tab l e  3 
Hyd r o g en Su l f i d e  R emoval E f f i c i enc i e s f o r  
S e l e c t ed Ma t e r i a l s Ac c or d i n g  t o  D ep t h  
D u r i ng t h e  L a s t  3 3  Day s o f  t h e  S t u d y  
D ep t h  F r om Bo t t om o f  C o l umn , i n c h e s· · 
6 1 2 1 8  2 4  
2 9 . 6 1 - 1 8 . 0  
( 0 . 0 - 9 7 . 1 ) 2 ( 0 . 0 - 9 7 . 2 ) 
o . o  
( 0 . 0 - 2 6 . 5 ) 
o . o 
( 0 . 0 - 1 5 . 0 ) 
o . o  
( 0 . 0 - 1 1 . 8 ) 
o . o  
( O . O ) 
1 . 2  
( 0 . 0 - 4 2 . 1 ) 
3 . 9  
( 0 . 0 - � 7 . 0 ) 
o . o  
( 0 . 0 - 4 1 . 2 )  
2 . 6  
( 0 . 0 - 8 . 8 ) 
2 3 . 8  
( 2 . 3 - 9 7 . 2 ) 
1 3 . 8  
( 2 . 3 - 4 4 . 2 ) 
1 4 g 8  
( 0 . 0 - 3 2 . 5 ) 
2 . 6  
( 0 . 0 - 8 2 . 4 ) 
2 1 . 8  
( 2 . 6 - 6 1 . 8 ) 
o . o  
( 0 . 0 - 7 6 . 7 ) 
6 . 7  1 7 . 6  
1 . 4 
( 0 . 0 - 4 1 . 9 ) 
( 0 . 0 - 9 3 . 0 ) . ( 0 . 0 - 9 5 . 3 ) 
5 . 3  
( 0 . 0 - 5 8 . 8 )  
3 1 . l  
( 5 • 0 -: 9 7 • 1.) 
7 7 . 8  
( 5 4 . 5 - 9 7 . 7 ) 
5 1 . 6  
( 1 3 . 6 - 7 3 . 5 ) 
4 3  .- o  
( 1 5 . 8 - 8 7 . 5 ) 
7 7 . 7  
( 4 6 . 5 - 9 7 . 3 ) 
6 1 . 1  
( 2 1 . 1 - 7 6 . 7 ) 
6 6 . 2  
( 2 .3 . 7 - 9 7 . 3 ) 
8 7 . 2  
( 4 5 . 9 ·· 9 'l . 7 ) 
1 . Me d i an.  v a l u e  f o r  l a s t  3 3  days o f  s tudy 
2 
· R a n.g e f o r  l a s t  3 3  day s  o f  s t udy 
r e l a t iv e ly few ana ero b i c o r g an i sms ar e kn o wn t o  b e  c ap ab l e  
o f u t i l i z i n g  r e d u c ed s u l fur a s  an ene r g y  s ou r c e  ( 4 2 ) . I n  
a dd i t i on , t h e  ana e r o b i c o r g a n i sms w i t h  t h i s  c ap a b i l i ty a r e 
p r im a r i l y p h o t o s yn t h e t i c  ( 4 2 ) . The gr ow th o f  t h e s e 
s o  
o r g an i s m s  wa s p r ev e n t e d s i nc e t h e  c o l umn s w e r e  o p a q u e 
and h ou s e d  s o  t h a t  n o n e  o f  t he m a t e r i a l s w e r e e xp o s e d t o  
e i t h e r d i r e c t  o r  i nd i r e c t  s u n l i g h t . C o n s e qu en t l y , g r owt h 
o f  p h o t o g yn t h e t i c  o r g an i s m s  b e l ow t h e  s u r f a c e o f  t h e  
m a t e r i a l s  wou l d b e  h i ghly impr o b ab l e . 
A s  s h own in T a b l e  3 , s awd u s t and a l f a l f a , wh i c h  we r e  
r at ed l o w i n  T a b l e  2 ,  exhi b i t e d s ub s t an t i a l  r em ov a l  e f f i ­
c i e n c i e s  a t  t h e  1 8 - i nc h  l eve l n e ar t h e  e n d  o f  t h e  s t udy . 
Th e r e  a r e  v e ry f ew n o n - p ho t o s yn t h e t i c a n a e r ob e s , i f  any , 
t h � t w i l l  c o nv er t  s u l f i d e s  � o  e l emen t a l  s u l fur . How e v e r , 
i f  s u c h  o rg an i s m s  w e r e  p r e s en t , i t  i s  p o s s i b l � t h a t  a n  
e x t e n s i v e  a c c l im a t i o n  p e r i o d  wa s ne c e s s ar y  t o  a l l o w a 
� u f f i c i e n t  numb e r  o f  t h em to g r o w t o  r em o v e any s i g n i f i ­
c an t  am o un t o f  hyd r o g e n s u l f i d e . S t u d i e s  ov e r  a l o n g e r 
p e r i o d o f  t im e  and a t  g r e a t e r d ep t h s  ar e w ar r an t e d  f o r 
t h e s e  ma t e r i a l s . 
Ver y  l i t t l e  hyd ro g en s u l f i d e  w a s  r em o v e d  i n  t h e  l ow e r  
1 2  i n ch e s of s t r aw ,  � ma t e r i a l  � a t ed a t  t h e  i n t e rme d i at e  
l ev� l .  Howeve r ,  a s  ind i c a t ed i n  ta b l e  3 ,  t h e  n ex t  ·s i x  
i nc 1 1 e s a� count e d f o r  n e ar l y 2 0  p er c e nt o f  t h e  t o t a l  r e - · 
m o v e d . T h e  s t r aw w a s  p a c k ed l o o s e l y  i n  t h e  c o l umn , s o  
a e r o b i c  c ond i t i o ns m ay have exi s t e d in the t op 1 2  i n ch e s  
o f  t h e  m a t e r i a l . Aer o b i c  c o n d i t i o n s  wo u l d  p e rm i t  t h e  
g r ow t h  o f  t h e  mo r e  e f f i c i e nt a e r o b i c  s u l fu r  b a c t e r i a . 
A s i gn i f i c an t  amo u n t  o f  hyd r o g e n  s u l f i d e  w a s r em o ved 
i n  t h e  t op 1 8  i n c h e s  o f  t h e  ma�ure m ix t u r e s  dur i n g  t h e  
l a s t  m o n t h  o f  s tudy . The s e  m a t e r i a l s  we r e  fa i r l y  d en s e  
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. and a e ro b i c  c ondi t i ons  wou ld have b e en d i f f i c u l t t o  m a i n �  
t a i n  b e l �w t he s u r f a c e  o f  t h e  ma t e r i a l s .  Thus , i t  w o u l d  
app e ar t ha t  an a e r o b i c ,  r a t h e r  t han a e r o b i c  b .i o l o g i c a l  
m e c h an i sm s  w e r e  r e s p ons ib l e . for the hyd r o g e n  s u l f i d e r e ­
mo v a l . T h i o b a c i l l us d e n i tr i f i c an s i s a · f a c u l t a t iv e 
an a e r ob e c ap ab l e  o f  u t i l i z i ng r educ e d  s u l fu r  i n  i t s  
m e t ab o l i s m ( 4 2 ) . Howev e r , n i t ra t e s  a r e  a l s o r e qu i r e d  a s  
an e l� c t r o n a c c ep t o r . N i t r a t e s  ar e n o t  no rma l l y pr e s ent 
i n  d i g e s t e r g a s , but  the  m anur e  may h ave s up p l i e d s uf f i -
c i en t  n i t r at e s  for the  g r ow t h  o f  t he s e  o r g an i sm s , wh i ch 
c o u l d  h ave r e s u l t e d  i n  hyd r o g e n  s u l f i µ e  r emo v a l s a t  t h e  
l o wer  d ep t h s . Un fo r t un a t e l y ,  the  manur e was  no t a n a ­
l y z e d  f o r  n i t r at e s dur i ng t h e  s t udy . I t  s ho u l d  b e  
no t ed , howe v e r )  t h a t  for  the  c o lumn s c on t a in i n g  manu r e  
on l y , th e r e  w as ve ry l i t t l e  hydr o g en s u l f i d e  r emo v e d  i n  
t h e f i r s t 1 8  i n c h e s un t i l  t he f inal t wo wee k s o f  s t udy . 
At t h i s  t im e , app r o x im at e l y 4 5  p e r c e n t  o f  t h e t o t a l  h y ­
� r o g e n  s u l f i d e r emova l o c cur r e d i n  the 1 . owe r 1 8  inche s 
o f  t h e  c o l umn s . 
Hydr o g e n sul! ide w a s  r emove d a t  a l l d ep t h s  in �h e 
b · r em ov e d i n  the t op s o i l , w i th t h e  ma j o r fr ac t i on s , e ing
 
s ix i n c h e s  an d b o t t om s ix i n ch e s  o f  m a t e r i a l . The h i gh -
e s t removal e ff i c i ency ob t a i ned i n  t he l o we r  1 2  inc he s 
o f  s o i l  n ev e r  ex c e e d e d  4 0  p e r  c e n t , c omp a r ed w i t h t h e  
6 0  p er c e nt r em ov a l i n  t h i s  s ame r e g i o n  f o r  l o amy s o i l  
r ep o r t e d b y  C ar l s o n ,  e t  a l . ( 2 3 ) . Ad s o r p t i o n w a s i n -
d i c a t e d  i n i t i a l l y a t  a l l  d ep th s , b u t  b i o l o g i c a l  m e c h an -
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i s n s a pp e a r e d  t o  p r e d o m i n a t e  dur i n g  t h e  r e m a i n d e r  o f  the. 
s t u dy . 
F i n a l l y , i t  i s  e v i d en t  f r o m  T a b l e  3 t h a t _ t h e  m a t er ­
i a l s  wh i ch d em o n s t r a t e d  t h e  h i g h e s t  hydr o g e n s u l f i d e  
r emov a l  e f f i c i e n c i e s  wer e t ho s e  b e l i ev e d  mo s t  l i k e l y  t o  
b e  c ap ab l e  o f  s up p o r t ing b i o l o g i c a l  g r ow t h 8 Th e s e  r e ­
s u l t s  a r e  s i m i l a r t o  t ho s e  p r e s en t e d  f o r  r em o v a l s  a s  a 
func t io n  o f  t im e . 
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ENG I NE ER I NG AP PL I CAT I ON 
The r e s u l t s o f  t he s e  s tud i e s  we r e  us e d t o  p r op o s e  
a s ys t em t h a t  woul d r ed uc e  o do r s g ener a t ed b y  an ana e r ob i c  
l ag o on . The s y s t em wo u l d  cons i s t  o f  t hr e e - i n c h  s ty r o fo am 
s he e t s  f l o a t e d o n  t he wat er  surfa c e  and c ov e r e d  w i t h  
e i t h e r  s t r aw ,  m anure , o r  a m i x t ur e  o f  s awdus t a n d  manur e . 
Th,e �? s t  ap p r opr ia t e  t h i��n_e s s . fo r· . .S .t r aw wo u l d b e  3 6  
i n c he s , f o r  manu r e 12 i nc h e s , and 2 4  i n c h e s o f  t h i c kn e s s  
wou l d  b e  r equ i r e d for t h e  s awdus t - manur e m i x tur e . The s e  
m a t e r i a l s ar e r e a d i l y  ava i l ab l e  a t  a l ow c o s t , a nd h av e  
p r o ve n  t o  b e  e f fe c t i v e  i n  r emov i ng hydr o g en s u l f i d e . The 
m a t e r i a l  s ho u l d  b e  b l own ont o the  l ag o o n  to  i n sur e a un i ­
f o rm thi c kn e s s . T h e  m a t e r i a l s h ou l d  b e  m a i n t a i n e d  i n a 
m o i s t  c o nd i t i on b y  s p r ay ing w i t h ·a e r a t e d l a g o o n  wat e r  
every two we e k s , o r  wh en r e qu i r e d . Ae r a t ed l a g o on wa t e r  
w i l l  p r ov i de s e e d o r g an i sms , nu t r i en t s ,  a nd a p H  b u ffer , 
an d a l s o  p r ev e n t . t he w ind from d i s turb ing  t h e  m a t e r i a l . 
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CONC LUS I ONS 
Ba s ed up o n  t he i nve s t i g a t i on s  d e s c r i b ed h e r e in , t h e  
f o l l ow ing c on c lus i ons  we r e  m ade : 
1 .  Chopped p ap er ,  c o rncob s , s tyr o f o am , p ea t  mo s s , 
a l f a l fa , e l m  l e aves , · s awdus t ,  and w o o d  c h ip s  
exh i b i t e d  hydr o g en s u l f i d e  r emova l e f f i c i en c i es 
b e l ow 6 0  p er c en t  dur in g  the  p er i o d  o f  s tudy . 
Howeve r ,  t he r emoval e f f i c i e nc i e s  f o r  s t yr o f o am ,  
s awdus t ,  and e l m  l e ave s a l l i nc r e a s e d  w i th t ime 
dur ing  the p e ri o d  of s tudy . 
2 .  The hydro g e n  s u l f id e  r emoval e f f i c i enc i e s  for 
s t raw , ana e r ob i c - l agoon s ur fa c e s c um , and the 
manure m ix ture s r a nged b e twe en 60 - 7 5 p e r c en t  
a f t e r  one month o f  op e r a t i o n . F o r  s t r aw an d the 
manure  m i xtur e s , increa s e d  r emov a l s m i g h t  b e  
ach i ev e d  b y  u s  ing 1 a ye r s  o f  the s e  m a·t e r  i a l  s 
g r e a t e r  t h an 2 4  inche s . 
3 .  S o i l  and manure  were found t o  b e  mo s t  e ff e c t ive 
i n  r emov ing hydr o g en su l f ide f r om d i g e s t e r  g as  
dur ing the p er io d  of  s tudy , hav i n g  r emova l e f ­
f i c i e nc i e s  g r eat er th an 7 5  p er c e n t . The fu l l 
p o t ent i a l  o f  manure was n o t  d e t erm i n e d  b e c aus e 
t h e  r em oval
· e ff i c ien c ie s o f  t h i s  mat e r i a l  c on ­
t inned t o  in c r e a s e  throughout t h e  e n t i r e s t udy 
p e r i o d so tha t an es t imat e o f  t h e  u l t ima t e  
m a x imum r emov a l  c o u l d , no t  b e  m ad e . 
4 .  t h e  ana e r o b i c . l a g o o n s cum l ay e r a l s o  r e mov ed a 
s tib s t an t i a l amo u n t  o f  hyd r o g e n  s u l f id e . 
S S  
5 • . � i o l o g i c a l  f i l t e r s  app e ar t o  b e  e f f e c t i ve and i n ­
exp e n s i v e  m e t ho d s  o f  r e du c i n g  hydr o g en s u l f i d e  
c o n c e n t r a t i on s ; h o w e ve r , c o n t i nu e d  s t u dy und e r  
c o n t r o l l ed c o nd i t i on s  i s  n e c e s s a r y  t o  m o r e c o m ­
p l e t e l y  d e f i n e t he p e r formanc e  p o t e n t i a l  a nd 
r em o v a l  m e c h an i sms o f  t h e . m e d i a . 
6 .  B a s e d  o n  t h e  g r a du a l  i n c r e a s e  i n  r em o v a l e f f i ­
c i en cy w i t h  t ime and the f a c t t h a t  t h e  m a j o r i t y 
o f  t he hyd r o g e n  s u l f i d e  was r em o v e d i n  t h e  t o p  
s i x i n ch e s  o f  a l l  t he m a t e r i a l s t e s t ed , i t  i s  
c o n c l u d e d  t ha t  b i o l o g i c a l  r a t h e r t h a n  p hy s i c a l  
o r  c h em i c a l  m e c h an i sms w e r e  r e s p o n s i b l e  f o r  t h e  
r em o v a l o f  t h e  hy d r o g e n  s u l f i d e  and t h a t  a e r o b i c  
r a t h e r  t h an an a e r o b i c  m i c ro b e s  w e r e t h e  p r ed om ­
i n an t  o r g an i sm s  r e sp ons i b l e  fo r t h e  hyd r o g e n  
s u l f i d e  r em o v a l . 
7 .  G r e a t e r hydr o g en s ul f i d e  r em o v a l e ff i c i en c i e s  
w o u l d  b e  a t t a i n e d  i f  a e i o b i c  c o n d i t i o n s  w e r e  
� a i n t a i n e d  i n  t h e  m a t e r i a l s . 
1 .  
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T h e  f o l l ow i n g  ma t e r i a l s me r i t  add i t i o n a l  s t udy , u s i ng 
g r e a t e r t h i c kn e s s e s and l on g e r  p e r i o d s  o f  i nv e s t i g a ­
t i o n : 
a .  S awd u s t  
b .  S t raw 
c .  C o r n c o b s p l u s  m anu r e  
d .  S awd u s t p l u s manur e 
e .  Manur e 
£ .  An a e r o b j c l a g o on s c um l ay e r  
2 .  F u t u r e  s tu d i e s  s h ou l d  b e  c onduc t ed u n d e r  l ab o r a t o ry 
r a t h e r  t h a n f i e l d  c o n di t i on s in o r d er t h a t  a c o n s t ant 
f l ow ,  p r e s s u r e  a n d  t emp e r a t u r e  of g a s .  m a y  b e  m a i n -
t a i n e d . Ro t am e t e r s  s hou l d  b e  u s e d i n  c o n j unc t i o n w i t h 
n e e d l e va l v e s t o  g a g e  a nd c o n t r o l  t h e  g a s  f l ow r a t e 
t o  e a c h  c o l umn , t h e r e b y  e l im i n a t i n g t h e  t im e  r e q u i r e d 
t o  r e c a l i b r a t e n e e d l e  v a l v e s . The t em p e r a tu r e s ho u l d  
a l s o  b e  h e l d  c o n s t an t  a t  a l e v e l s u i t ab l e  f 6 r  o p t i mum 
b i o l o g i c a l  g r o w t h . 
3 .  A s o u r c e  o f  hyd r o g e n  · s u l f i d e  g a s  o t h e r  t h an d i g e s t e r  
h J d b e  u t i l i z e d s o  t h e  hydr o g en s u l f i d e  c o n -- g a s s o u  _ . 
c en t r a t i on m ay b e  c o n t r o l l e d .  C ar b o n  d i ox i d e  s h oul d  
b e us e �  a s  t h e  c a r r i e r . I n  t h i s  way , an a e r ob i c  c o n ­
d i t i o n s  m a y  b e  · m a i nta i ned an d  t h e  e xp l o s i o n  h a z ard 
e l im i n a t e d .  An in o r g a� i c  c ar b o n s o ur c e ,
 s u ch a s  
c ar b o n  d i ox i d e c o u l d  a l s o  s e rve a s  a s ub s t r a t e  f o r 
t h e  m i c r o o r g an i sm s . 
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4 .  T h e  g a s  i n l e t  tub in g s h ou l d  b e  t ap p e d  i n t o  t h e  c o l umn 
w a l l · n e a r t h e  b o t t om r a th e r  t han i n t o  t he b o t t om o f  
t h e  c o l umn . Th i s  w i l l  a l l ow g a s  t o  f l ow upw a r d  
t h r o ug h  t h e  m a t e r i a l s ,  b u t  w i l l  p r ev e n t  t h e w a t e r  
add e d  t o  m o i s t en t h e  m a t e r i a l s f r o m  c o l l e c t i ng i n  t h e 
g a s t ub i n g  and i mp e d i n g t h e  g a s  f l ow .  
S .  Th e c o l umns s h o u l d  b e  c ov e r e d t o  p r e v e n t  any a e r a t i on 
i n  t h e  up p e r  l e ve l s  o f  th e m a t e r i ai s .  S t r i c t  an a e r o ­
b i c c on d i t i o n s  may t h e n  b e  ma i nt a i n e d  t o  � e t e r m i n e  i f  
n on - p h o t o s yn t he t i c an a e r o b i c  or g an i s m s  w i l l  r em o v e  
h y <l r o g en s u l f i d e . . Th e e f f e c t  o f  a e r o b i c  c o nd i t i o n s  
c o u l d  s t i l l  b e  a n a l y z e d  b y  i n j e c t i n g  a i r i n t o t h e 
m at e r i a l s th r o u g h  t h e  s amp l i n g  t ap s  a t  v a r i o u s  d ep t h s . 
· 6 .  T h e  m a t e r i a l s  s h ou l d  b e  t e s t ed a t  a d ep t h  o f  f o u r  f e e t  
� i t h s amp l i n g  t ap s  l o c a t ed a t  i nc r em e n t s  o f  1 2  i n c h e s 
r a t h e r  t l an s ix i n c h e s . L o c at ing t he s amp l i ng t ap s  
a t  o n e  fo o t  i n c r em e nt s  w i l l  a l l ow t h e  c h a n g e s d u e t o  
d e o t h t o  b e  mor e  c l e ar l y  d e t e rm i n ed . 
7 �  M i c r o b i o l o g i c a l  an a l y s e s  s h o u l d  b e  c on d u c t e d t o  d e t e r ­
m i n �  t h e  typ e and i d e n t i ty o f  t h e  m i c r o or g a n i s m s  
r e s p on s i b l e  f o r  r emova l o f  hy dro g en s u l f i d e . 
8 .  A rn o :r e  a c cu r a t e  me t h o d  o f  hydr o g e n  s u l f i d e  an a l ys e s 
S ho u l d b d i f  ava i l a b l e ,  s o  t h a t  h yd r o g e n e u s e , 
5 8  
s u l f i d e c o n c e n t r a t i o n s  a s  l ow a s  0 . 0 2 mg / l ,  wh i c h 
ap p r o a c h e s t h e  t h r e s hho l d  l im i t  o f  hyd r o g e n  s u l f i d e , 
m ay b e  m e a s ur e d . 
9 .  An a l y� e s  o f  t h e  ma t e r i a l s  s h ou l d  b e  c o nd u c t e d t o  d e ­
t e r m i ne t h e  c h ang e s  i n  s u l f a t e  c onc e n t r a t i o n s  and p H  
t h a t  o c c u r  w i t h  c o n t i nu e d  ap p l i c a t i o n  o f  hyd r o g en 
s u l f i d e . 
1 .  
2 .  
3 .  
4 .  
s .  
6 . 
T .  
8 .  
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AP :PEND I X  I 
D e s c r ip t i on o f  Mat er i a l s 
Mat e r i a l  
Chopp e d  p ap e r  
S o i l  
Corncob s 
S awdus t 
Al f a l fa 
P e a t  mo s s  
Manu r e  
Styr o fo am 
S tr aw 
Cor n c o b s p lu s  m anur e 
E l m  l e av e s  
S awdu s t  p l us  m anure 
Wo od . ch i p s  
Scum l ay e r  
De s c r ip t i o n  
New sp r in t  c u t  i n t o  o n e - i n c h  s quar e s  
Lo amy s o i l  
C o rnc o b s  gr ound t o  app rox imat e l y  
� - i nch  d i ame t er · 
S awdus t from k i l n - dr i e d  l umb e r  
. chopp e d  a l f a l fa 
Cow -manu r e  fr om l o ca l f e ed l o t  
Styro fo am chopp ed t o  app r ox ima t e ly 
� - inch d i ame t e r · 
S t r aw cut into  two inc h l eng t h s  
M ixt ur e o f  6 0 %  g r ound c or nc o b s  and 
4 0 %  manur e by w e i ght -
Mu l ched e lm l e ave s 
Mixtur e o f  6 0 %  s awdu s t  a nd 4 0 %  
manur e by we ight 
Br a nc h e s  p a s s ed thr ough wo od 
c h ipp er  
Scum l ayer from the a na e rob i c  l a ­
g o on , I owa B e e f  P ac k i ng P l an t ,  
Luvern e , Minne s o t a  
TREAT l 
1 - 1 7 
1 - 2 7 
APPEND I X  I I  
P e r fo rmanc e D a t a  
EXP LANAT I ON O F  TAB L E  HEAD I NGS 
I NPUT 
G R/ 2 MG/ 3 
1 0 0  C F  DAY 
3 9 0 . 0  7 7 9 8 . 1  
3 9 0 . 0  0 . 0 * 
e t c . 
REMOVAL AT 6 
G R/ 4 MG/ 5 
1 0 0 CF  DAY 
2 9 0 . 0  5 7 9 8 . 6  
0 . 0 * 0 . 0 * 
e t c . 
I N . 
P ER6 
C ENT 
2 5 . 6 
0 . 0 * 
e t c . 
1 
. 
T r e atment s 
1 .  C hopp e d  p a p e r  
2 .  S o i l  
3 .  C o rnc o b s  
4 . S awd u s t 
8 • 
9 .  
1 0 .  
1 1 . 
S t yr o f o am · · 
S t r aw 
C o r n c o b s p l u s  m a nur e 
E l m  l e av e s  
Sawd u s t p l u s  manur e 
Wo o d  ch i p s  
6 5  
5 .  A l f a l fa · 
6. .  P e at mo s s  




. npu t H 2 s c onc e n t r a t i o n , 
1 2 . 
1 3 . 
1 4 . An a e r o b i c  l ag o on s c um 
l ay e r  
( g r a in s / 1 0 0  c ub i c  fe e t )  
3
r np u t  r a t e , (m i l l i gr am s / day) 
4
c o n c e nt r a t i on o f  H 2 S r ema i n ing , (gr a in s / 1 0 0  cub i c  f e e t )  
5
H 2 s d i s ch a r g e d , (m i l l i
gr am s / day )  
6
H 2 s r emov e d , (p er c en t ) 
7 Dup l i c a t e  c o l umn s o f  m a t e r i a l ; 1 r e f e r s  t o  T e s t  C o l umn A ,  
2 r e f e r s  t o  T e s t Co l umn B 
* D e n o t e s m i s s i n g  da t a  
S E n  l 
H E A T  
l - 1  
i - .� 
2 - 1  
2 - 2  
; �  
1 - 2 
4 - l  





7 - 1.  
7-2 
a- 1 
a - 2  
9- L 
9 - 2  
1 0 - 1 
l 0 - 2  
l l - l 
l l - 2  
1 2 - 1  
1 2 - 2  
1 3- 1  




G-;</  HG/  
lUO  CF  DA Y 
� E MOVAL  A T  b I N � 
GR/  �GI P E!<  
1 0 0  C F  DAY C E N T  
3 9 0 . 0  7 7 � d . l  2 9 0 . 0 5 7 9 8 . 6  . 2 5 . 6 
3 9 0 . 0  o . c  o . c o . o o . o 
3 ; 9 . 0  5 9 3 3 . 3  3 3 0 . 0 5320 . 5  1 5 . 4  
3 � 0 . C  6 9 0 9 . 7  · 3 6 0 . 0 6 3 7 8 . 2  7 . 7  
3 9 � . o  6 2 0 J . o  3 9 0 . o b � 0 3 . o  o . o 
3 9 0 . o 6 49 & . 4  3 9 0 . o  6498 . 4  � . o  
) 9 0 . 0 l 8 2 3 . 3  3 9 0 . 0  6 8 2 3 . 3  o . o  
34 0 . 0  b 7 j 9 . l 39 0 . 0 6 7 39 . l  o . u  
� � o . o  7 2 7 8 . 2  3 e o . o 7 0 9 � . 6  · 2 . 6  
3 9 0 . 0  7 08 9 . 2  39 0 . Q 7 0 89 . 2  o . o  
3 9 0 . 0  7 2 7 8 . 2  3 9 0 . 0 72 78 . 2  o . o 
3 9 0 . 0 7 1 8 2 . 4  39 0 . 0 7 1 8 2 . 4 o . o  
3 9 0 . 0  S t 9 B . 7  3 9 0 . 0  Sl93 . 7  o . o 
3 9 0 . 0  3 & 6 8 . 3 3 9 0 . 0 3688 . 3  o . o 
3 90 . 0 2 2 2 a . o  3 9 0 . 0 2 2 2 8 . 0  o . o  
90 . 0  6 4 2 t . 9 3 9 0 . 0 6 4 2 1 . �  o . o  
3 9 0 . 0  6 6 � 6 . 9  390 . 0, 6 6 5 6 . 9 o . o 
3 9 0 . 0  6 6 5 6 . 9  3 9 G . O  6 6 5 6 . 9  O. O 
� 9 0 . 0 5 9 Y 8 . 5 3 9 0 . 0  5 � 9 8 . 5  O . O  
3 9 0 . o  0 0 6 5 . 2  3 9 0 . o  6 0 6 5 . 2  · o . o 
3 'J 0 .  0 (, 2 7 4 .  3 3 'J 0 .  0 ' 6 2" 1 4 .  3 0 .  0 
3 9 0 . 0 6 20 3 . 0  3 9 0 . 0'. 6 2 0 j . Q  o . o  
3 � 0 . 0  3 9 8 4 . 4  3 9 0 . 0 39 8 4 . 4 c . o  
3 � 0 . 0 70 8 9 . 2  3 9 0 . 0 7089 . 2  o . o 
3 9 0 . o  6 0 6 5 . 2  3 9 0 . o 60 6s . 2 a . a 
390 . 0  1605 4 � 9  3 9 0 . 6 0 5 4 . 9  o . o  
39 0 . 0  606 � . 2  3 9 0 . � 60 65 . 2  c . o 
J 9 0 . 0  7 9 t l . l  3 9 0 . 0  79 1 1 . l  o . o  
R E MOV A L  A T  1 2  l N. 
G R /  HG/ P f: R  
1 0 0  C F  D A Y  C E N Y 
3 2 0 . 0 6 3 9 8 . 4 1 7 . q 
o . o  o . o  c . o 
20 0 . 0 3 04 2 . 7 4 e . 1 
3 0 0 . 0  5 3 1 5 . l 2 3 . l 
390 . 0  6 2 0 3 . 0  o . o 
3 9 0 . 0  6 4 9 8 . 4  c . o 
3 9 0 . 0 6 8 2 3 . 3 c . o 
3 9 0 . C  6 7 3 9 . l C . O  
3 8 0 . 0  7 0 9 1 . 6  2 . � 
3 9 0 - 0  7 0 8 9 . 2 c . o 
39 0 . 0 1 2 1 a . 2  c . o· 
3 9 0 . C  7 1 8 2 . 4  C . O 
39 0 . 0  5 1 9 S . 7 0 . 0  
3 9 0 . 0  3688 . 3 o . o  
3 9 0 . 0 2 2 2 8 . 0 o . o 
3 9 0 . 0  6 4 2 1 . 9  c . o 
3 9 0 . 0 6 6 5 6 . 9  o . o 
3 9 0 . 0 66 5 6 . 9 o . o 
3 9 0 . 0 5 9 � S . 5 O . O  
3 9 0 . 0  6065 . 2 c . o  
3 9 0 . 0 6 2 7 4 . 3  c . o  
3 9 0 . 0  6 2 0 3 . 0  c . o 
3 9 0 . 0 3 9 8 4 . 4 c . o  
39 0 . 0 7 0 8 9 . 2  G . O  
39 0 . 0 6065 . 2  o .  
390 . 0  1 6 05 4 . 9  l . D 
3 9 0 . 0 0 0 6 5 . 2  c . o  
390 . 0  . 79 1 1 . l  c . o  
REHOV AL AT 1 8  I N .  
GR/ MG/ P E R  
1 00 C F  D AY C E N T  
2 90 . 0  5 7 9 8 . 6  2 5 . 6  
o . o o . o  o . o  
so . a  7 o0 . 7  8 7 . 2  
1 20 . 0  2 1 ?6 . l 69 . 2  
3 9 0 . 0 6 2 0 3 . 0  o . o  
3 9 J . O 6 4 9 8 . 4  0 . 0  
3 90 . 0 6 8 2 3 . 3  o . o  
3 9 0 . 0  6 7 39 . l o . o  
3 9 0 . 0  7 2 7 8 . 2 o . o  
3 90 . 0  7 0 89 . 2 o . o  
3 90 . 0  7 2 7 8 . 2  o . o  
3 90 . 0  7 1 82 . 4 o . o 
3 9 0 . 0  5 1 9 8 . 7  o . o  
3 9 0 . 0  3 6 88 . 3  o . o  
3 9 0 . 0  2 2 2 8 . 0  o . o  
3 90 . 0  6 4 2 1 � 9  o . o  
3 5 0 . 0  5 9 7 4 . l  1 0 . 3  
3 40 . 0  5 8 0 3 . 4  1 2 . 8  
390 . 0  5 9 98 . 5  o . o  
3 7 0 . 0  5 7 54 . l 5 . l 
3 b0 . 0  5 7 � 1 . 7  7 . 7  
3 90 . 0  6 2 0 3 . 0  o . o  
3 6 0 . 0  3 6 7 7 . 9 7 . 7  
3 8 0 . 0  6 9 0 7 . 4  2 . 6  
3 90 . 0  6 0 o s . 2  o . o  
3 6 0 . 0  1 4 8 1 9 . 9  7 . 7  
3 8 0 . 0  5 9 09 . 7  2 . 6  
3ao . o · 1 1 oa� 3  2 . 6  
R E HOVAL A T  2 4  I N .  
GR/  MG/  PER  
1 0 0  C F  D A Y  CENT  
3 2 0 . 0  6 3 9 8 . 4  1 7 . 9  
o . o  
2 0 . 0  
£.-0 . 0  
c . o o . o  
3 0 4 . 3 94 . !»  
7 0 8  • ., 8 9 .  7 
3 3 0 . 0  5 2 4 8 . 7 1 5 . 4  
3 5 0 . 0  5 e 3 l . 9  1 0 . 3 
2 1 0 . 0  4 7 2 3 . 8 30 . 8  
330 . 0 5 70 2 . 3  1 5 . 4  
3 1 0 . 0  6 9 0 5 . o  s . 1 
3 7 0 . 0  6 7 2 5 . 6 5 . 1  
390 . 0  7 2 7 8 . Z O . O  
3 9 0 . 0  7 1 8 2 . 4  o . o  
3 1 0 . 0  4 1 3 2 . 3 2 0 . 5  
2 6 0 . 0  2 4 5 8 . 9 3 3 . 3  
3 0 0 . 0  1 7 1 3 . 9  2 3 . l  
3 9 0 . 0  6 42 1 . 9  o . o  
2 7 0 . 0  4 6 0 8 . 6 3 0 . 8 
2 5 0 . 0  4 2 6 7 . 2 3 5 . 9  
3 6 0 . 0  5 5 3 7 . l 7 . 7  
2 8 0 . 0  4 35 4 . S 2 8 . 2  
30 0 . 0  4 8 2 6 . 4 2 3 . l 
1 60 . 0  2 54 4 . 8 5 9 . 0  
3 0 0 . 0  3 0 6 4 . 9  2 3 . l  
32 0 . 0 5 8 1 6 . S 1 7 . 9  
290. 0 4 5 1 0 . 0 2 5 . 6  
2 8 0 . 0  1 1 52 � . 6 2 8 . 2  
1 7 0 . 0  2 64 3 . 8 5 6 . 4 
2 30 . o  � o 6 5 . 5  4 1 . 0  
F L O JI  
! � F l'< I  
0 . 0 2 1  
o . o  
6 . 0 1 0  
0 . 0 1 9  
o .  o n  
O . O l 8 
0 . 0 1 9  
0 . 0 1 9  
o . o z o  
0 . 0 1 9  
o .  0 2 0  
0 . 0 2 0  
0 . 0 1 4  
0 . 0 1 0  
0 . 0 0 6 
C . 0 1 8  
0 . 0 1 8  
0 . 0 1 8  
O . O i 6  
0 . 0 1 1 
ll .  O l 7  
0 . 0 1 7  
0 . 0 1 1  
0 . 0 1 9  
0 . 0 1 1  
C .. 0 4 4 
O . O l 7  
0 . 0 2 2  
0\ 
°' 
S E P T  3 £.4 
T R H T  
l - l  
l - ::.: ' 
2 - � 
2 - 2  
3- L 






6 - 2  
7 - l  
7 - 2  
8- l 
8-2 
9 - 1  
9 - 2  
1 0 - 1 
1 0 - 2  
1 1 - l  
1 1 - 2  
1 2- l  
1 2 -2  
1 3- 1  
1 3 - 2  
1 4- 1  
l'r-2 
I ::PUT 
GR/ K C /  
lOO  CF  (JAY 
· R EHOVAL  AT 6 I N . 
GR / M G /  P E R  
1 0 0  C F  OAY C E N T  
4 � 0 - � £ 1 4 7 . 9  4 5 0 . 0  8 7 4 7 . �  o . o  
.:. s o . o  o .  o . o  o . o  o . o 
4 5 0 . 0  649 3 . 3 3 7 0 . 0 5 3 3 8 . q  1 7 . 8  
4 5 0 . 0  8 0 7 4 . 9 420 . 0 7 5 3 6 . 6  6 . 7  
4 � 0 . 0  69 9 8 . 3  4 5 0 . 0  69 9� . 3 o . o 
4 5 0 . 0  7 l � 7 . 3  4 5 0 . 0  7 1 5 7 . 3 o . o  
4 � 0 . 0  7 7 7 5 . 9  4 5 0 . 0  7 7 7 � . 9  o . o 
4 5 0 . 0  7 2 3 9 . 6  4 5 0 . 0  72 3 9 . 6  o . o 
4 5 0 . 0  7 8 7 3 . l 4 5 0 . 0 7 8 7 3 . l  o . o  
4 5 0 . 0  8 1 7 9 . 8  4 5 0 . 0  8 1 79 . 8 o . o  
4 50 . 0  7 7 7 5 . 0  4 �0 . 0  7 7 15 . 9  o . o 
4 5 0 . 0  8 6 2 8 . 0  4 5 0 . 0  8 6 2 8 . 0  o . o  
4 50 . 0  1 0 3 2 5 . 3  4 5 0 . 0  1 0 3 2 5 . 3  o . o 
4 5 0 . 0  i o 1 s 0 . e  4 5 0 . o  i o t s o . a o . o 
4 5 0 . 0  7 68 1 . 0  4 50 . 0 ° 76 8 1 . 0  o . o  
4 5 0 . 0  7 49 8 . 2  4 5 0 . 0  749 8 . 2  o . o  
4 5 0 . 0  6 1 1 5 . 0  45 0 . 0  6 1 1 5 . 0 o . o 
4 5 0 . 0  7 � 9 8 . 2  4 5 0 . 0  7 4 9 8 . 2  o . o  
4 5 0 . 0  7 49 8 . 2  43 0 . 0  7 1 6 4 . 9 4 . 4  
4 5 0 . 0  6 6 2 9 . 9  4 3 0 . 0  63 3 5 . 3  4 . 4  
4 � 0 . 0  6 9 9 8 . 3 4 3 0 . 0  6 6 8 7 . 2  4 . 4 
4 5 0 . 0  7 0 7 6 . 9  4 5 0 . 0  7 0 76 . 9  o . o  
450 . 0  1 1 04 9 . 9 4 5 0 . 0  1 1 0 49 . 9  o . o  
4 5 0 . 0  A 3 9 7 . 9  4 5 0 . 0  8 3 9 7 . 9  O . O 
4 5 0 . 0  6 9 9 8 . 3 4 5 0 . 0  6 9 9 8 . 3  o . o  
4 5 0 . 0  1 0 8 5 9 . 4  4 5 0 . 0  l 0 8 59 . 4  o . o 
4 5 0 . 0  7 49 8 . 2  4 , 0 . 0  74 9 8 . 2  o . o 
4 5 0 . 0  10 1 5 8 . 8  4 5 0 . 0  1 0 1 58 . 8  c . o 
RE MJVAL AT 1 2  N �  
G R /  MC/ ? R 
1 0 0  CF D A Y  C N :  
4 5 0 . 0  8 74 7 . 9  0 . 0  
o . o o .• 0 •J . c  
2 8 0 . 0  4 0 4 0 . 2 3 7 . 0  
3 8 0 . 0 6 8 1 8 . e 1 • . �  
4 5 0 . 0 6 99 8 . 3 0 . 0  
4 5 0 . o 7 1 5 7 . 3 a . a  
4 5 0 . 0 7 "7 7 5 . 9  o . o  
4 5 0 . 0  7 2 3 9 . 6 o . o  
4 5 0 . 0 7 8 7 3 . l o . c  
4 5 0 . 0 8 1 79 . a J . C  
4 5 0 . 0 7 7 7 5 . 9  o . o  
45 0 . 0  8 62 8 . 0  o . o  
4 5 0 . o  1 0 3 2 5 . 3  a . a  
4 5 0 . 0 1 0 1 5 8 . 8 o . o  
4 5 0 . 0  • 76 8 1 . 0  0 . 0  
45 0 . 0 7 4 9 8 · 2  o . o  
4 5 0 . 0 6 1 1 5 . 0 o . c  
4 3 0 . 0 7 1 6 4. 9 4 . �  
4 2 0 . 0  6 9 9 8 . 3  � - 7  
42 0 . 0  6 1 88 . 0 � • .  
3 6 0 . 0 5 5 9 8 . 6  2 u . O  
45 0 . 0  1 0 16 . 9  n . o  
45 0 . 0 1 1 049. 9 J . O  
45 0 . 0  8 3 9 7 . 9  o . o  
4 3 0 . 0 6 6 8 7 . 2 � - �  
4 5 0 . 0 1 0 8 � 9 . 4  u . c 
4 3 0 . 0  7 1 6 4 . 9 4 . �  
4 5 0 .  o ·1 0 1 s s . e \) . c. 
R E M O V A L  AT 1 8  [ N .  
� R /  M G/ P E R  
L O O  C F  DAY C E N T  
� 4 0 . 0  8 5 5 3 . 5  2 . 2  
o . o  o . o  o . o  
3 1 0 . 0  44 7 3 . l 3 1 . l 
3 60 . 0  6 4 5 9 . 9  2 0 . 0  
4 5 0 . 0  6 9 98 . 3 o . o  
4 50 . 0 7 1 5 7 . 3 o . o  
4 5 0 . 0  7 7 7 5 . 9  o . o  
4 5 0 . 0  7 2 39 . 6  o . o 
4 4 0 . 0 7 6 9 8 . l 2 . 2  
4 50 . 0 8 1 7 9 . 8 o . o  
450 . 0  7 7 7 5 . 9  o . o  
4 5 0 . 0  8 6 2 8 . 0  o . o  
4 4 0 . 0  1 0 0 9 5 . 9  2 . 2  
4 4 0 . 0  9 9 3 3 . 0  2 . 2  
4 5 0 . 0  7 6 8 1 . 0  o . o  
4 5 0 . 0 7 4 98 . Z  o . o  
4 40 . 0 5 9 7 9 . l 2 . 2 
4 1 0 . 0  6 8 3 1 . 7  8 . 9  
4 30 . 0  7 1 6 4 . 9 4 . 4  
4 10 . 0  6 0 4 0 . 6  8 . 9 
3 9 0 . 0 6 0 65 . 2 l 3 . 3  
4 40 . 0  69 1 9 . 6  2 . 2  
440 . 0  1 08 0 4 . 4 2 . 2  
4 40 . 0  8 2 1 1 . 3  2 . 2  
3 8 0 . 0  5 9 09 . 7  1 5 . 6 
4 3 0 . 0 1 0 3 7 6 . 8 4 . 4  
3 70 . 0  6 1 65 . 2  1 7 . 8  
400 . 0  9 0 30 . 0  l l . l  
R EKOVAL A T  2 �  I N . 
GR/ �G/ PER 
1 0 0  C F  DAV C E N T  
4 2 0 . 0  8 1 6 4 . 7 6. 7 
o . o o . o o . o  
1 5 0 . 0  2 1 64 . 4  6 6 , 7  
2 10 . 0  3 7 6 8 . 3  5 3 . 3 
3 6 0 . 0  5 5 9 8 . 6 2 0 . 0 
4 1 0 . 0  6 5 2 1 . l 8 . 9  
4 5 0 . 0  7 7 7 5 . 9 o . o 
4 5 0 . 0  7 2 3 9 . 6 o . o 
43 0 . 0  7 52 3 . 2 4 . 4  
4 1 0 . 0  7 4 5 2 . 7  8 . 9  
� q o . o  6 7 3 9 . l 1 3 . 3 
4 3 0 . 0  8 2 4 4 . 5 4 . 4  
3 0 0 . 0 6 8 8 3 . 6 3 3 . 3  
3 2 0 . 0  7 2 2 4 . 0  2 8 . 9  
4 5 0 . 0 7 6 8 1 . 0 o . o  
3 8 0 . 0  6 3 3 1 . 8 1 5 . 6  
40 0 . 0  5 4 3 5 . 6 1 1 . l  
2 5 0 . 0 4 16 5 . 6 44 . 4  
3 6 0 . 0 5 9 9 8 . 5 2 0 . 0  
3 2 0 . 0  4 7 1 4 . 6 2 8 . 9  
2 9 0 . 0  4 5 1 0 . 0 3 5 . 6  
3 1 0 . 0  4 8 7 5 . 2  3 1 . l 
4 1 0 . 0  1 0 0 6 7 . 7 8 . 9  
2 1 0 . 0  3 9 1 9 . 0 5 3 . 3 
2 5 0 . 0 3 8 8 7 . 9 44 . 4  
4 0 0 . 0  9 6 5 2 . 8  l l . l 
2 0 0 . 0  3 3 3 2 . 5 5 5 . 6 
2 4 0 . 0 5 4 1 8 . 0 46 . 7  
F L O� 
( C f !'4 1 
0 .  02 l 
o . o  
0 . 0 1 5  
. o .  01 9 
0 . 0 1 7  
0 . 0 1 7  
O . O l 9  
0 . 0 1 1  
0 . 0 1 9  
0 . 0 1 9  
0 . 0 1 9  
0 . 0 2 1  
o . 0 2 s  
O .  CZ � 
0 . 0 1 8  
0 . 0 1 8 
0 . 0 1 5  
O . O l S  
0 . 0 1 6  
0 . 0 1 6 
o . c n  
0 . 0 1 7  
O . OZ 6  
0 . 02 0  
0 . 0 1 1  
0 . 02 6  
0 . 0 1 8  
0 . 024 
0-. 
......;J 
$ :: PT 7 
TR i:: A T  
� · l 
! - �  
(: - :  
2- 2 
.;, - l  
) - 2  
4 · l 
l.; - 2  






8 - l  
3 - 2  
9- L 
9 -2 
1 0 - 1 
l 0 - 2  
1 1 - l  
l l- 2  
1 2 - 1  
1 2 - Z 
1 3- l  
1 3- 2  
l'r-l  
11.-i 
i r-: f' �J T  
CJ;I./ H .:;.' 
1 0 ')  C f  C A '/  
· R E M O V A L  A T  b I N . 
G R / M G /  P E R  
1 0 0  C F  D AY C E N T  
3 7 C � J  7 ? 0 5 . 4  3 7 0 . 0  7 5 0 5 . 4 o . o 
3 7 0 . 0  � � � � - 4  1 5 0 . 0  1 3 0 9 . 9 5 9 . 5 
3 7 0 . 0  5 1 � � - l 37 0 . 0 5 7 54 . l  0 . 0  
3 7 0 . 0  ? l 9 � . 7 3 7 0 . 0  7 1 q 2 . 7  o . o  
3 7 0 . 0  b 2 3 9 . 4  3 7 0 . 0 62 39 . 4  o . o 
3 7 0 . 0  6 4 7 3 . 4  3 7 0 � 0  64 7 3 . 4  o . o  
3 7 0 . 0  6 90 � . o 3 7 0 . o  c0os . o  o . o  
3 7 0 . 0  6 6 3 9 . 4 3 7 0 . 0  6 6 3 9 . 4  o . o 
3 1 0 . 0  7 1 � 2 . 7  3 7 0 . 0  7 1 92 . 7 o . o  
3 7 0 . 0  7 39 &. 2 3 7 0 . 0  7 3 9 8 . 2  o . o  
� 7 0 . 0  6 6 3 9 . 4  3 7 0 . 0  6 6 39 . 4  o . o  
3 7 0 . 0  7 39 8 . 2  3 7 0 . 0 7 3 9 8 . 2  o . o  
3 7 0 . 0  9 2 4 7 . 7 3 7 0 . 0  9 2 47 . 7  o . o  
3 7 0 . 0  R 3 5 2 . B  3 7 0 . 0  8 3 5 2 � 8  0 . 0  
3 7 0 . 0  6 6 3 9 . 4 3 7 0 . 0  6 6 3 9 . 4 o . o 
3 7 0 . 0  64 7 3 . 4  3 7 0 . 0  64 7 3 . 4  o . o  
3 7 0 . 0  5 9 S 2 . 6  3 7 0 . 0  5 9 5 2 . 6  o . o  
3 7 0 . 0  6 3 1 5 . 5  3 7 0 . 0  6 3 1 5 . S  O . O  
3 7 0 . 0  7 0 9 4 . l 3 7 0 . 0  7 0 94 . L  0 . 0 
3 7 0 . 0  6 39 3 . 5  3 7 0 . 0  6 3 93 . 5 o . o  
3 7 0 . 0  602 1 . 8  3� 0 . 0 6 0 2 1 . 8  o . o  
3 7 0 . 0  5 9 S 2 . 6  3 7 0 . 0 5 9 5 2 . 6  O . O  
3 7 0 . 0  9 7 7 1 . 2  3 7 0 . 0  9 7 7 1 . 2  o . o  
3 7 0 . 0  7 2 9 4 . 0  3 7 0 . 0 7 2 94 . 0  o . o  
3 7 0 . 0  s a i a . a  3 10 . 0  s s 1 a . e  o . o 
3 7 0 . 0  7 96 7 . 3  3 7 0 . 0  79 6 7 . 3  o . o  
3 7 0 . 0  6 3 1 5 . 5  3 7 0 . 0  63 1 5 . 5  o . o  
3 7 0 . 0  8 09 1 . 8 3 7 0 . 0  8 09 t . 8  o . o  
R E MOVAL A T  1 2  I �. 
G R /  HG/ �E � 
1 0 0  C f  D A Y  C E �: T  
3 7 0 . 0  7 5 0 5 . 4  c . o  
1 2 0 . 0  1 4 4 7 . 9  � 7 . 6  
3 7 0 . 0  S 7 S4 . l 0 . 0  
3 7 0 . 0 7 l 9 L . 7 0 . 0  
37 0 . 0 6 2 3 9 . 4  o . o  
3 7 0 . 0  64 7 3 . 4  c . c  
3 7 0 . 0  6 9 0 5 . 0 o . o  
3 7 0 . 0  6 6 3 9 . 4  o . o  
3 7 0 . 0  7 1 9 2 . 7  o . o  
3 7 0 . 0 7 3 9 8 . 2 o . o  
3 7 0 . 0 6 6 3 9 . 4  o . o  
3 7 0 . 0 7 3 9 8 . 2  o . o  
3 7 0 . 0  9 247 . 7  o . o  
3 7 0 . 0  8 3 5 2 . 8  o . o  
3 7 0 . 0 ' 6 6 3 9 . 4  0 . 0  
3 7 0 . 0 6 4 7 3 . 4  o . o  
3 7 0 . 0  5 9 5 2 . 6  0 . 0  
3 7 0 . 0 6 3 1 5 . 5  O u O  
3 7 0 . 0  7 09 4 . l O n O  
3 7 0 . 0 6 3 9 3 � 5 o . o  
3 7 0 . 0 6 02 1 . 8  o . o  
3 7 0 . 0  5 9 5 2 . 6  o .. o 
3 7 0 . 0 9 7 7 1 . 2  o . o  
3 7 0 . 0 7294 . 0  ' o . o 
3 7 0 . 0  5 8 1 8 . 3  o . o 
3 7 0 . 0  7 9.6 7 . 3 0 . 0 
3 7 0 . 0 6 3 1 5 . 5  (1 .. 0 
3 7 0 . 0  8 09 1 . S  O . O  
RE MOVAL A T  1 8  I N .  
G R /  M G/ P E R  
1 0 0  C F  DAV C � N T  
2 6 0 . 0  5 2 7 4 . l 2 9 . 7  
60 . 0  7 2 '> - 0  8 3 . 8  
3 5 0 . 0 5 4 4 3 . l  5 . 4  
3 5 0 . 0  6 8 0 3 . 9  5 . 4 
3 70 . 0  6 2 39 . 4  o . o  
3 7 0 . 0  64 7 3 . 4 o . o 
3 5 0 . 0 6 5 3 1 . 7 5 . 4  
35 0 . 0  6 2 8 0 . 5  5 . 4  
3 60 . 0 6 9 9 8 . 3  2 . 7  
3 6 Q. O 7 1 98 . 2  2 . 7  
3 7 0 . 0 6 6 39 . 4  o . o  
3 7 0 . 0  7 3 9 8 . 2  o . o  
3 7 0 . 0 9 2 47 . 7  o . o  
3 7 0 . C  6 3 5 2 . 8  O . O  
3 70 . 0  6 6 39 . 4  o . o  
3 7 0 . 0  6 4 7 3 . 4  o . o  
3 60 . 0  5 7 9 1 . 7  2 . 7  
3 7 0 . 0 6 3 1 5 . 5  o . o  
3 7 0 . 0  7 0 9 4 . l o . o  
3 70 . 0  6 3 9 3 . 5  o . o  
3 7Q . O  6 0 2 1 . 8  O . O 
3 7 0 . 0  5 9 5 2 . 6  o . o  
3 7 0 . 0  9 7 7 1 . 2  o . o  
3 7 0 . 0  7 2 94 . 0  o . o  
3 70 . 0  5 8 1 8 . 8  o . o  
3 70 . 0 79 67 . 3  o . o  
3 7 0 . 0 6 3 1 5 . 5  o . o  
3 7 0 . 0  8 0 9 1 . 8  o . o  
R EM OVAL A T  24 I N .  
GR/ N G /  ? E R  
1 0 0  CF OAY C E NT 
3 1 0 . 0  6 2 S 8 . 3 1 0 . 2  
40 . 0  4 8 2 . 6 89 . 2  
l o o . a  1 5 5 5 . 2 1 �. o  
1 0 . 0  1 36 0 . 8  8 1 . l  
2 9 0 . 0  4 8 9 0 . 4 2 1 . 6  
3 3 0 . 0  5 7 7 3 . 6  1 0 . 8  
3 2 0 . 0  5 9 7 1 . 9  1 3 . 5  
2 30 . 0  4 1 2 7 . 2 3 7 . 8  
30 0 . 0 5 83 1 . 9 1 8 . 9  
2 1 0 . 0  5 39 8 . 7 2 7 . 0 
1 3 5 0 . 0  6 2 8 0 . 5 5 . 4  
3 0 0 . 0  5 9 9 8 . 5 1 8 . 9  
20 0 . 0  4 9 9 8 . 8 45 . 9  
1 60 . 0  3 6 1 2 . 0  5 6 . S 
3 60 . 0  6 � 5 9 . 9  2 . 1  
3 2 0 . 0  5 5 9 8 . 6 1 3 . 5  
2 1 0 . 0  3 3 7 8 . 5 4 3 . 2  
2 10 . 0  � 6 0 8 . 6 2 7 . 0 
3 7 0 . 0  7 0 9 4 . l o . o  
3 50 . 0  6 0 4 7 . 9  5 . 4  
240 . 0  3 9 0 6 . 0 3 5 . l 
3 7 0 . 0  5 9 5 2 . 6  o . o 
3 7 0 . 0  9 7 7 1 . 2  o . o  
3 7 0 . 0  7 2 9 4 . 0  o . o 
3 60 . 0  5 6 6 1 . 5 2 . 7 
3 7 0 . 0  7 96 7 . 3 o . o  
2 7 0 . 0  4 6 0 6 . 6  2 7 . 0  
3 1 0 . 0  6 77 9. 6 1 6 . 2  
F L OW 
{ C fM l 
0 . 0 2 2  
o .  0 1 3 
o .  0 1 7 ' 
' '  0 . 02 1  
0 . 0 1 8  
o .  0 1 9  
0 . 0 2 0  
0 . 0 1 9 
0 . 02 1  
0 . 0 2 1 ·  
0 . 0 1 9 
O .  OZ l 
0 . 02 1  
O . OZ4 
0 . 0 1 9  
0 . 0 1 9  
a . o n  
0 . 0 1 8  
0 . 02 1  
0 . 0 1 9  
0. 0 1 1 
0 . 0 1 7  
0 . 02 8  
o .  02 1 
O . O l 7  
0 . 02 3  
O . O l 8  




S E P l O & l l  
TREAY  
1 - l  
- 2  
�- 1 
2-2  






6 - l  
6- 2 
"t- 1 
7 - 2  
8 - 1 
e - 2  
9- l 
9 - 2 
1 0 - l 
1 0- 2  
1 1 - l  
l l - 2  
l2- l 
1 2-2 
l 3 - l  
1 3- 2  
1 4- 1  
1 4-2 
I N PUT  
GR/ H G  
1 0 0  C F  Ot.Y 
� EMOVAL A T  6 I N .  
G R /  M C /  P E R  
1 0 0 C F  D A Y  C E N T  
3 8 0 . 0 7 59 8 . l 3 5 0 . 0  69 9 8 . 3 7 . 9  
J d - 0  H � l . 4 80 . 0 7 2 2 . 4  7 8 . 9 
; B Q . O  z o s e . 6  3 e o . o  a o s a . 6 o . o  
?. .s 0 . o a o s a . 6 . 3 3 0 . 0  6 9 9 8 . 3  n . 2  
3 � 0 . u  8 4 4 2 . 4  3 a o . o  8 4 4 2 . 4  o . o  
J � o . 0  1 1 o a . 3  2 3 0 . 0 4 6 6 5 . 5  3 9 . 5 
3 a o . o  e 1 e 2 . 6  3 a o . o  e 1 8 2 . 6  o . o  
3 G O . O  8 0 � 8 . 6 3 8 0 . 0  �058 . 6  0 . 0  
3 B C . O  8 7 1 9 . 2 3 8 0 . 0  8 7 1 9 . 2 · 0 . 0  
3 8 0 . 0  6 8 1 8 . 8 3 a o . o  68 1 8 . 8  o . o  
3 8 0 . 0  6 9 9 & . 3 3 8 0 . 0 69 9 8 . 3  o . o 
3 8 0 . 0  8 8 6 4 . 5 3 8 0 . 0  8 8 64 . 5  o . o  
3 8 0 . 0  8 0 5 8 . 6  3 8 0 . 0  8 0 5 8 . 6  o . o  
3 8 0 . 0  8 8 6 4 . 5 3 8 0 . 0  8 8 64 . 5  o . o  
3 � 0 . 0  5 9 0 9 . 7  3 � 0 . 0  5909 . 7  o . o  
3 8 0 . 0  7 0 9 1 . 6  3 8 0 . 0  70 9 1 . 6  o . o  
3 b 0 . 0  7 28 5 . 9  380 . 0 7 2 85 . 9  o . o  
3 9 0 . 0  7 7 9 8 . l  3 9 0 . 0  7 7 9 8 . l  o . o  
3 9 0 . 0  7 2 7 8 . 2  3 9 0 . 0  7 2 7 8 . 2  o . o  
3 9 0 . 0  7 0 8 9 . 2 3 8 0 . 0  6907 . 4  2 . 6  
3 9 0 . 0  708 9 . 2  390 . 0  7 0 8 9 . 2  o . o 
3 9 0 . 0 7 3 7 6 . 6  3 9 0 . 0  7 3 7 6 . 6  o . o  
3 90 . 0  7 2 7 8 . 2  3 9 0 . 0  7 2 78 . 2  o . o  
3 9 0 . o  7 4 7 7 . 6 3 9 0 . 0 74 7 7 . 6  o � o  
39 0 . 0  7 6 6 8 . 3  3 9 0 . 0  7 6 8 8 . 3  o . o  
3? 0 . 0  8 1 4 7 . 3  39 0 . 0  8 1 4 7 . 3  o . o  
3 9 0 . 0  7 7 9 8 . 1 390 . 0  7 7 9 8 . l  o . o  
)�0 . 0  6 5 2 9 . 2  �90 . 0  8 5 29 . 2 o . o 
R E KOVAL A T  1 2  I N . 
G R /  �G/ PE R 
1 0 0  C F  DAY C E N T  
1 7 0 . 0  3 3 9 9 . 2 � 5 . 3 
!:1 0 .  0 7 2 2 . 4 i'8 . 9 
340 � 0 7 2 1 0 . 3 1 0 . 5  
3 3 0 . 0  0 9 9 8 . 3  1 3 . 2  
3 8 0 . 0 8 4 4 2 . 4  o . o  
2 5 0 . 0  5 0 7 1 . 2 � � . 2 
3 a o . o  8 1 82 . o  o . o 
3 1 0 . 0 6 5 7 4 . 1 l a . 4  
380 . 0  8 7 1 9 . 2 o . o  
3 8 0 . 0 6 8 1 8 . 8 0 3 0 
3 8 0 . 0 6 9 9 8 . 3  o :o 
3 8 0 . 0  8 8 6 4 . 5  o . o  
3 8 0 . 0  8 0 5 8 . 6 O � O  
3 8 0 . 0 8 8 64 . S  o . o  
3 6 0 . 0 5 go 9 . 1  o . o  
3 8 0 . 0  7 09 1 . 6  0 . 0  
3 8 0 . 0  7 2 8 5 . 9  o . o  
3 9 0 . 0 7 7 9 s . 1 o � o  
3 9 0 . 0  7 2 7 8 . 2  0 . 0  
: 3-jO . O  70 8 9  • .2 0 . 0  
3 9 0 . 0 7 0 B 9 . 2  O . O  
3 9.0 . 0 7 3 7 6 . 6  0 . 1) 
3 9 0 . 0  7 2 7 8 . 2  0 . 0  
3 9 0 . 0 7 4 7 7 . 6  0 . 0  
39 0 . 0  7 6 8 8 . 3  o . a  
3 9 0 . 0 8 1 4 7 . 3 .O ; O 
3 9 0 . 0 7 7 9 8 . t o � o  
390. 0 .  8529 . 2 o . n  
RE MOVAL A T  1 8  I N . 
GR/ H G/ P E R  
1 00 C F  D AY C E N T  
3 0 0 . 0  5 9 9 8 . 5  2 1 . 1  
4 0 . 0 3 6 1 . 2  8 9 . 5  
3 2 0 . 0  6 7 8 6 . 2  1 5 . 8  
3 60 . 0  7 6 34 . 5  5 . 3  
3 6 0 . 0  7 9 9 8 . 0  5 . 3  
1 7 0 . 0  3 4 4 8 . 4  5 5 . 3  
3 7 0 . 0  7 9 67 . 3  2 . 6  
3 1 0 . 0  6 5 1 4 . l 1 8 . 4  
3 8 0 . 0  8 7 1 9 . 2 o . o  
3 8 0 . 0  6 8 1 8 . 8  o . o  
360 . 0  6 6 29 . 9 5 . 3  
3 80 . 0  8 3 64 . 5 o . o  
3 8 0 . 0 8 0 5 8 . 6  o . o  
3 8 0 . 0 ·  8 8 64 . S  o . o  
3 8 0 . 0  5 9 09 . 7  o . o  
3 8 0 . 0  7 0 9 1 . 6  o . o  
3 8 0 - 0  7 2 85 . 9  o . o  
390 . 0  7 7 98 . l  o . o  
3 80 . 0  7 0 9 1 . 6 2 . 6  
3 8 0 . 0  6 9 0 7 . 4  2 . 6  
3 9 0 . 0 7 0 89 . 2  o . o  
3 80 . 0  7 1 87 . 4  2 . 6  
3 80 . 0 7 0 9 1 . 6  2 . 6  
3 9 0 . 0  7 4 7 7 . 6  o . o 
3 9 0 . 0  7 6 8 8 . 3  o . o  
3 80 . 0  7 9 3 0 . 3  2 . 6  
3 9 0 . 0 7 7 9 8 . l  o . o 
3 90 . 0  0 5 2 9 . 2 o . o  
R E M O V A L  A T  2 4  I N .  
GR/  M G /  P E R  
1 0 0  C F  D A Y  C E N T  
3 0 0 . 0  5 99 8 . 5 2 1 . 1 
2 0 . 0  1 6 0 . 6  9 4 . 7 
2 0 0 . 0  4 2 4 1 . 4 4 7 . 4  
1 8 0 . 0  3 8 1 7 . 2  5 2 . 6  
3 0 0 . 0  6 6 6 5 . 0 2 1 . 1  
2 1 0 . 0  � 2 5 9 . e � 4 . 7  
3 2 0 . 0  6 8 9 0 . 6  1 5 . S  
1 9 0 . 0  � 0 29. 3 5 0 . 0 
2 5 0 . 0  5 7 3 6 . 3 34 . 2  
3 1 0 . 0  5 56 2 . 7  i a . �  
,3 3 o . o  6 0 7 7 . 5 1 3 . 2  
3 7 0 . 0  8 6 3 1 . 2  2 . 6  
2 7 0 . 0  5 7 2 5 . 9 2 8 . 9  
1 9 0 . o  4432 .  2 s o .  a · 
3 6 0 . 0  5 5 9 8 . 6 5 . 3  
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2 90 . 0  2 8 3 8 . 5  3 4 . l 
4 2 0 . 0  70 8 2 . 6  4 . 5  
3 6 0 . 0  1 6 2 5 . 4  1 8 . 2  
4 4 0 . 0 5 1 32 . 1 o . o  
440 . 0  4 2 76 . 7  o . o  
440 . 0  4 9 2 6 . 8  o . o  
3 2 0 . 0  3 2 45 . 6  2 7 . 3  
3 1 0 . 0 3 3 8 9 . 8  2 9 . 5  
3 00 . 0  3 3 59 . 2  3 1 - 8 
4 3 0 . 0  4 2 9 8 . 9  2 . 3  
4 4 0 . 0  4 6 65 . 5  o . o  
1 7 0 . 0  1 9 0 3 . 5  6 1 . 4  
2 1 0 . 0 2 3 70 . 4  5 2 . 3  
43 0 . 0  4 9 7 4 . 0  2 . 3  
4 4 0 . o  4 9 2 6 . a  o . o  
2 6 0 . 0 2 8 8 8 . 2  4 0 . 9  
3 3 0 � 0  4 0 1 6 . 4  2 5 . 0  
REMOVAL A T  2 4  ! N .  
G R /  M G /  P E R  
1 0 0  C F  O A V  C E N T  
37 0 . 0  3 699 . l 1 5 . 9  
1 0 . 0  5 6 . 0 9 7 . 7  
so . a  
7 0 . 0  
5 2 2 . 3 8 � . 6 
8 3 7 .  4 84 . l 
2 9 0 . 0  3 0 0 6 . 7 3 4 . l 
3 2 0 . 0  3 4 4 5 . 3 2 7 . 3 
3 3 0 . 0  3 4� 6 . 9 2 5 . 0  
4 4 0 . 0  4 49 5 . 2 o . o  
1 7 0 . 0  1 7 7 5 . 7 � l . �  
l l O . O 699 . 8 7 5 . 0  
2 0 . 0  
6 0 . 0  
169. 7 9 5 . 5 
5 8 7  .. 3 86 . 4  
2 9 0 . 0  4 89 0 . 4  3 4 . l 
3 0 . 0  1 3 5 . 5  9 3 . Z 
3 1 0 . 0  3 6 1 5 . B  2 9 . 5 
3 8 0 . 0  3 69 3 . 5 1 3 . 6  
2 2 0 . 0  2 46 3 . �  5 0 . 0 
1 6 0 . 0  1 62 2 . 8  6 3 . 6  
1 4 0 . 0  1 5 3 0 . 9  6 d . 2  
1 2 0 . 0 1 3 4 3 . 7 72 . 7  
3 0 0 . 0  2 9 9 9 . 3 3 1 . 8  
2 80 . 0  2 9 6 9 . 0  36 . 4  
1 0 . 0  1 1 2 . 0 9 7 . 7  
1 0 . 0  1 1 2 . 9  ' H . 7  
1 6 0 . 0  1 8 5 0 . 8 6 3 . 6  
2 s o . o  3 1 3 5 . 2 3 6 . 4  
40 . 0  �44. 3 9 0 . 9 
2 0 . 0 .243 . �  9 5 . 5  
F L O W  
I C F � J 
O .  O l l 
O . C 0 6  
O .  O U .  
0 . 0 1 3 
0 . 0 1 1  
0 . 0 1 2  
0 . 0 1 1 
0 . 0 1 1 
O .  O ! l 
0 . 0 0 7  
0 . 0 0 9  
0 . 0 1 0  
0 . 0 1 8  
o . o o s  
0 . 0 1 2  
0 . 0 1 0  
0 . 0 1 2  
0 . 0 1 1  
0 . 0 1 2  
0 . 0 1 2  
0 . 0 1 1  
O .  O l l 
o. 0 1 .2  
0 . 0 1 2  
0 . 0 1 2  
0 . 0 1 2  
0 . 0 1 2  
0 . 0 1 3  
'1 
N' 
OCT  l l 2  
T R.HT 
1 - l  
l - 2  
2 - l  
2 - l  
) - l  
:;�}. 
.. - \.  
't-·2 
5 - t 
�-2 
6- l 
0 - 2  
7- l 
7 - 2  
8 - l 
8 - 2  
9- 1 
9- 2 
1 0 - l 
l => - 2  
1 1 - 1  
1 - 2  
1 2 - l 
1 2-2  
13- 1 
. 1 3-2  
1 4- l  
1 4-2 
W?LlT  
GRi  MC/ 
1 0 0  C F  D/..Y 
R E �10VAL  AT 6 1 N .  
G R /  H G /  P E R  
1 0 0  C F  UAY C E N T  
4 3 0 . 0  4 4 2 � . 4  4 3 0 . 0 4 4 2 5 . 4  o . o 
4 3 0 . 0  2 7 j 5 . 7 2 2 0 . 0 1 3 9 9 . 7  4 8 . 8 
4 3 0 . 0  3 & 5 2 . 9  2 1 0 . 0  1 8 9 6 . 3  5 1 . 2  
4 ) 0 . 0  5 0 1 5 . 4 4 1 0 . U  4 7 82 . 2  4 . 7  
4 3 0 . 0  4 0 1 2 . 3 4 3 0 . 0  4 0 1 2 . 3  o . o  
4 3 0 . 0  3 7 6 1 . 6  4 3 0 . 0 37 6 1 . 6  o . o  
4 3 0 . 0  4 4 5 8 . 2  4 3 0 . 0 4 4 5 8 . 2  o . o 
4 3 0 . 0  3 2 S 3 . 3 3 5 0 . 0 2643 . 0  1 8 . 6  
4 3 0 . 0  3 8 B 2 . 9  4 30 . u  3 8 8 2 . 9  0 . 0  
4 3 0 . 0  6 6 8 7 . 2  · 4 30 . o  6 6 e 1 . 2  o . o 
4 3 0 . 0  3 3 4 3 . 6  4 3 0 . 0  3 3 43 . 6 o . o  
4 30 . 0  2 0 0 6 . 2  4 3 0 . 0  2 0 0 6 . 2  o . o 
4 3 0 . C  5 2 3 3 . 5 4 3 0 . 0  5 2 3 3 . 5  0 . 0  
4 3 0 . 0  4 0 1 2 . 3  4 3 0 . 0  4 0 1 2 . 3  o . o  
4 3 0 . 0  5 2 3 3 . 5 4 3 0 . 0  5 2 3 3 . 5  o . o  
4 3 0 . 0  4 0 1 2 . 3  4 3 0 . 0  4 0 1 2 . 3 o . o  
4 3 0 . 0  4 1 5 0 . 7  4 3 0 . 0 4 1 50 . 7  o . o  
4 3 0 . 0  4,9 8 . 9 4 3 0 . 0  4 2 9 8 . 9  o . o  
4 3 0 . 0  3 8 B 2 . 9  4 u O . O  J� l 2 . 0 7 . 0  
4 3 0 . 0  39 3 3 . 7 1 0 0 . 0  9 1 4 . B  7 6 . 7 
4 3 0 . 0  3 3 � 3 . 6  3 1 0 . 0  2 4 l 0 . 5  2 7 . 9  
4 3 0 . 0 4 1 5 0 . 7  1 6 0 . 0 1 5 44 . 4  6 2 . 8  
4 � 0 . 0  3 3 4 3 . i  2 5 0 . 0 1 9 4 4 . 0  4 l . 9  
4 3 0 . 0  4 0 9 4 . 2 300 . 0  2 8 56 . 4  3 0 . 2 
4 3 0 . 0  4 0 1 2 . 3  4 3 0 . 0  40 1 2 . 3 o . o 
4 3 0 . 0  3 8 8 2 . 9  4 3 0 . 0  3 8 8 2 . 9  o . o 
4 3 0 . 0  3 7 6 1 . 6  4 30 . 0  3 7 6 1 . 6  o . o 
4 3 0 . 0  4 62 9 . 6  40 0 . 0  4 3 06 . 6  7 . 0 
RE MOVAL AT l �  N . 
GR/  ti.GI  P R. 
1 0 0  CF DAY  C NT 
2 e o . o  2 s 8 1 . b  3 � . 9  
2 6 0 . 0  l 6 S 4 . l 3 � . 5 
32 0 . 0  2 88 9 . 6 2 � . 6  
40 0 . 0 4 6 6 5 . 5 7 . 0  
4 3 0 . 0  4 0 1 2 . 3 c . o 
4 3 0 . 0 3 7 6 1 . 6  o . o  
4 2 0 . 0  4 3 5 4 . 5  2 . 3  
3 1 0 . 0  2 3 4 5 . 4  2 7 . 9  
3 9 0 . 0 3 5 2 1 . 7  9 . 3  
4 3 0 . 0 6 6 8 7 . 2 o . o  
4 3 0 . 0  3 3 4 3 . 6 o . o  
4 3 0 . 0  2 0 0 6 . 2  o . o 
4 3 0 . 0  5 2 3 3 . 5  O d o  
4 3 0 . 0 40 1 2 . 3  D d O  
4 3 0 . 0  S 2 3 3 . 5 C . O  
4 3 0 . 0  40 1 2 . 3  o . o  
40 0 . 0  3 8 6 1 . l 7 . 0 
4 1 0 . 0  4 0 9 9 . 0  4 . 7  
3 6 0 . 0  3 2 5 0 . 8 1 6 . 3  
3 0 . 0 2 74 . 4  9 3 . 0 
3 2 0 . 0  2 4 8 8 . 3 2 5 . 6  
1 7 0 . 0  1 64 1 . 0  �0 . 5  
2 so . o  1 944 . 0 t l � 9  
3 1 0 . 0  2 95 1 . 7  27 . 9 
4 3 0 . 0  4 0 1 2 . 3  o . o  
4 3 0 . 0 3 8 8 2 . 9  0 . 0  
4 1 0 . 0 3 5 8 6 . 6  4 . 7  
35 0 . 0  3768 . 3  � 8 . 6  
REMOVAL A T  1 8  I N .  
GR/ MG/ P E R  
1 0 0 C F  D AV C E N T  
4 30 . 0  4 4 2 5 . 4  o . o  
1 4 0 . 0 8 9 0 . 7  b 7 . 4  
2 7 0 . 0  2 4 38 . l 3 7 . 2  
3 00 . 0  3 4 9 9 . l  3 0 . 2 
4 � 0 . 0  4 0 1 2 . 3 o . o  
4 3 0 . 0  3 7 6 l . 6  o . o  
2 8 0 . 0  2 9 0 3 . 0  3 4 . 9 
2 4 0 . 0  1 8 1 5 . S 44. 2 
3 4 0 . 0  3 0 7 0 . 2  2 0 . 9  
3 9 0 . 0  6 0 6 5 . 2  9 . 3  
4 20. 0 3 2 65 . 9  2 . 3  
4 3 0 . 0  2 0 06 . 2  o . o  
4 3 0 . 0  5 2 3 3 . 5  o . o  
4 2 0 . 0  39 1 9 . 0  2 . 3  
4 3 0 . 0  5 2 3 3 . 5  o . o  
4 1 0 . 0  3 8 25 . 7  4 . 7  
3 5 0 . 0  3 3 7 8 . 5  1 8 . 6 
2 10 . 0  2 0 9 9 . 5  s 1 . 2 
3 5 0 . 0  3 1 6 0 . 5  1 8 . 6  
2 0 . 0  1 8 3 . 0  � 5 . 3  
2 4 0 . 0  1 8 66 . 2  44 . 2  
1 5 0 . 0 1 4 4 7  •. 9 6 5 . l  
2 7 0 . 0  2 0 99 . S  3 7 . 2  
1 5 0 . 0  1 4 28 . 2 6 5 . l 
4 1 0 . 0  3 8 2 5 . 7 4 . 7  
� 3 0 . 0 3 8 B 2 . Q  O . o  
2 5 0 . 0  2 l 87 . 0  4 1 . 9  
3 00 . 0  3 2 30 . 0  30 . 2  
R E K OVAL A T  2 4  I N . 
GR/ MG/ PER 
1 0 0  C F  D A V  C E N T  
3 9 0 . 0  4 0 1 3 . 7  9 . 3  
4 0 . 0  2 5 4 . 5 CJ 0 . 7 
2 0 . 0  1 8 0 . 6  9 5 . 3 
1 0 .  o. 1 1 6 . 6  9 7 . 7  
4 2 0 . 0  3 9 1 9 . 0  2 . 3  
420 . 0  3 6 7 4 . l 2 . 3  
2 0 0 . 0  2 0 7 3 . 6  5 3 . 5 ,  
1 4 0 . 0  1 0 5 9 . 2 6 7 . 4  
1 7 0 . 0  1 5 3 5 . l 6 0 . 5  
3 6 0 . 0  5 5 9 8 . 6 1 6 . 3 
2 8 0 . 0  2 1 7 7 . 2 3 4 . 9  
i 
1 0 0 . 0  466. 6 76 . 7  
2 30 . 0  2 79 � . 3 4 6 . 5 
90 . 0  8 3 9. S 7 9 . l ·  
3 0 0 . 0  3 65 1 . 3  3 0 . Z  
1 40 . 0  1 30 6 . 3 6 7 . 4  
1 0 0 . 0  96 5 . 3 76 . 7 
1 1 0 . 0 1 09 9 . 7 74 . 4  
7 0 . 0 6 3 2 . l 8 3 . 7  
2 0 . 0  1 8 3 . 0  9 5 . 3  
s o . o  62 2 . l 8 1 . •  
1 5 0 . 0 1 447 . 9 6 5 e l 
i o . o  1 1 . s 9 7 . 7  
1 0 . 0 9 5 . 2 97 . 7  
1 1 0 . 0  1 0 2 6 . 4  74 . 4 
1 4 0 . 0  1 2 6 4 . 2 6 7 . �  
10 . 0  87. 5 9 7 . 7  
30 . 0 32 3 . 0  9 3 . 0 
F L OW 
( C F M ) 
0 . 0 1 1 
0 . 0 0 7  
0 . 0 1 0 .  
0 . 0 1 2  
0 . 0 1 0  
0 . 0 0 9  
o . o u  
o . ooa 
0 . 0 1 0  
O .  O l 7· 
o . o o s  
o . o o s  
o .  0 1 3  
0 . 0 1 0  
0 . 0 1 3 
0 . 0 1 0 
0 . 0 1 0  
o . o u  
0 . 0 1 0 
0 . 0 1 0 
o . o o e  
0 . 0 1 0  
a . cos  
0 . 0 1 0 
0 . 0 1 0  
0 . 0 1 0  
0 . 00 9 
0 . 0 1 2 
'-l 
� 
O C T  4 
T R E A T  
1 - l  
1 - 2  
2 - l  
.2 - 2  
3- l 
3 - 2  
4 - l  
4- 2  
5- l 
5 - 2  
6·- l 
6 - 2  
7 - 1. 
. :-2 
c -- t  
B-2 
9 - l 
9 - 2  
1 0 - l. 
l0-2 
l l - l  
l l -2 
1 2 - l 
1 2 - 2  
1 3- 1  
1 3- 2  
l 4 - l 
14-2 
I �1PUT  
GR/  H G /  
1 0 0  C F  D J.Y  
R E M O V A L  A T  6 I N . 
G R /  M G /  P E R  
1 0 0  C F  OAY C E N T  
4 0 0 . 0  4 6 6 5 . 5 4 0 0 . 0  4 6 65 . 5  o . o 
4 C O . O 2 3 3 2 . 8  1 9 0 . 0  1 1 0 8 . l  5 2 . 5  
4 0 0 . 0 4 3 Q 6 . 6 3 0 0 . 0 3 2 3 0 . 0 2 5 . 0 
4 0 0 . 0  5 2 3 2 . 4  350 . 0  4 5 7 8 . 3  1 2 . 5  
4 0 0 . 0  4 S B 9 . 0  4 0 C . O  4 5 89 . 0  O . O  
4 0 0 . 0  4 4 0 8 . 4  4 0 0 . 0  4 4 0 8 . 4  o . o  
4 0 0 . 0  4 5 8 9 . 0  3 8 0 . 0  4 3 59 . 6  5 . 0  
4 0 0 . 0  3 9 9 9 . 0  4 0 0 . 0  �9 99 . 0  o . o 
4 0 0 . 0  4 66 5 . 5 3 4 0 . 0  3 9 6 5 . 7  1 5 . 0  
4 0 0 . 0  4 4 7 8 . 9 · 40 0 . 0  4 4 78 . 9  o . o 
4 0 0 . 0  3 7 3 2 . 4  4 0 o . o  3 7 3 2 . 4  o . o 
4 0 0 . 0  6 4 3 5 . 2  40 0 . 0 64 3 5 . 2  o . o 
4 0 0 . 0  2 6 6 6 . 0  4 0 0 . 0  2 6 66 . 0  o . o  
4 0 0 . 0  5 C tl 9 . 7  4 0 0 . 0  5 0 89 . 7  O . O  
4 0 0 . 0  . 4 9 5 4 . 5  4 0 0 . 0 4 9 54 . 5  o . o 
4 0 0 . 0 4 1 4 7 . l 4 0 0 . 0  4 1 4 7 . l  o . o 
4 0 0 . 0  46 6 5 . 5  400 . 0  4 6 6 5 . 5  o . o  
4 0 0 . 0  4 6 6 5 . 5  4 0 0 . 0  4 6 65 . 5  o . o 
4 0 0 . 0  44 7 8 . � 4 0 0 . 0  44 78 . 9  o . o  
4 0 0 . 0  4 4 7 8 . q  400 . 0  4 4 7 B . Q  0 . 0 
4 0 0 � 0  3 9 4 2 . 7 4 0 0 . 0  3 9 4 2 . 7  o . o  
4 0 0 . 0  4 5 8 9 . 0  4 0 0 . 0  4 5 89 . 0  o. o 
40 0 . 0  4 1 4 1 . l 3 8 0 . 0  3 9 39 . 8  5 . 0  
4 0 0 . 0  4 4 7 8 . 9  4 0 0 . 0  44 78 . 9  o . o  
4 0 0 . 0  4 6 6 5. 5 400 . 0  4 6 65 . �  o . o 
4 0 0 . 0  4 2 0 9 . 5 4 0 0 . 0  4 2 09 . i  . o . o  
4 0 0 . 0  4 3 0 6 . 6  40 0 . 0  4 3 00 . 6  O w O  
4 0 0 . 0  4 7 0 4 . 7  4 0 0 . 0  4 7 0� . 7  o . o 
R E MO V A L  A T  
G R /  MG/ 
100 C F  DAY 
Z IN. 
P :: R  
C t  N T  
4 0 0 . 0  4 6 6 5 . �  o . o  
9 0 . 0  5 2£, .  •, 1 7  • 5 
34 0 . 0  3 66 0 . c 1 5 . 0  
35 0 . 0 4 5 7 e . 3  1 2 . 5  
40 0 . 0 4 5 89 . c  a . o  
4 0 0 . 0  4 4 0 8 . 6  o . o  
3 4 0 . 0  3 9 0 0 . 1 i � . o  
40 0 . 0  3 9 9 9 . C  a . o 
3 4 0 . 0  3 9 6 5 . 7  1 5 . 0  
3 8 0 . 0  4 2 5 5 . 0 5 . 0  
4 0 0 . 0 3 7 3 2 . 4  J . O  
4 0 0 . 0  6 43 5 . 2  o . o  
40 0 . 0  2 6 6 6 . 0  n . o  
4 0 0 . 0 5 0 8 9 . 7  o . o  
4 0 0 . 0 4 9 5 4 . � u . o  
4 0 0 . 0  4 l 4 7 . l v . o  
400 . 0  46 65 . 5 o . o  
3 a o . o 4432 . 2  � . o  
4 0 0 . 0  4 4 7 8 . 9  o . o  
40 0 . 0  4 4 78 . 9  o . o  
40 0 . 0  3 94 2 . 7  o . o  
4 0 0 . 0  4 5 8 9 . 0  o . o  
2 6 0 . 0  2 6 9 5 . 6  3 � . o  
4 0 0 . 0 4 4 7 8 . 9  o . o  
38 0 . 0 4 4 3 2 .  � . o  
4 0 0 . 0  4 2 09 . 5  c . o  
4 0 0 . 0 4 3 06 . c  o . o  
4 0 0 . 0 4 7 0 4 . 7 o . o  
REMOVAL A T  1 8  I N .  
GR/ M G/ P E R  
1 0 0  C F  DAY C E NT 
3 80 . 0  4 4 3 2 . 2  5 . 0  
io . o  5 8 . 3 ' 9 7 . 5  
3 3 0 . 0 35 5 3 . 0  1 7 . 5  
3 60 . 0  4 7 09 . l 1 0 . 0  
4 0 0 . 0  4 5 8 9 . 0  o . o  
3 60 . 0 3 9 6 7 . S  1 0 . 0  
3 20 . 0  3 b 7 l . 2  2 0 . 0  
3 8 0 . 0  3 7 99 . l  s . o  
2 1 0 . 0  3 1 4 9 . 2  3 2 . 5  
3 SO . O 4 2 5 5 . 0  ) . 0  
4 0 0 . 0 3 7 3 2 . 4  o . o  
4 0 0 . 0  64 3 5 . 2 o . o  
4 0 0 . 0  2 6 66 . 0  o . o  
3 40 . 0 43 2 6 . 2 1 5 . 0  
4 0 0 . 0  4 9 54 . 5  o . o  
4 0 0 . 0  4 1 4 7 . l. o . o  
3 6 0 . 0 4 1 99 . 0  1 0 . 0  
3 1. 0 . 0 3 6 1 5 . B  2 2 . 5  
3 90 . 0  4 3 6 6 . 9  2 . s  
340 . 0 3 8 07 . l 1 5 . 0  
400. 0 3 9 4 2 . 7 o . o  
4 0 0 . 0 45 89 . 0 o . o  
3 0 0 . 0 3 1 1 0 . 3  2 5 . 0  
3 80 . 0 42 5 5 . 0 5 . 0  
3 40 . 0  3 9 6 5 . 7  1 5 . 0  
3 s o . o  3 9 q9 . o  s . o  
4 00 . 0  4306 . 6  o . o  
3 9 0 . 0  4 5 8 7 . l Z . 5  
RE MOVAL A T  2 4  I N .  
GR/ MG/ P E R  
1 0 0  CF DAV C E N T  
2 8 0 . 0  3 2 6 5 . 9  3 0 . 0 
2 0 . 0  1 1 6 . 6 9 5 . 0  
8 0 . 0  8 6 1 . 3  s o . a  
1 1 0 . 0  1 4 3 8 . 9 7 2 . 5  
2 8 0 . 0 3 2 1 2 . 3 3 0 . 0 
2 � 0 . 0  2 0� 5 . o � o . o  
1 5 0 . 0  1 7 2 0 . 9  6 2 . 5  
1 50 . 0  1 4 9 9 . 6 6 2 . 5 
5 0 . 0  
6 0 . 0  
5S3. 2 8 7 . 5  
67 1 . s  a s . o 
1 4 0 . 0  l. 3 0 6 . 3 6 5 . 0  
3 6 0 . 0 5 79 1 . 7  1 0 . 0  
9 0 . 0  5 9 9 . 9 7 7 . 5  
i 1 0 . o  1 39 9 . 7  1 2 . s  
3 5 0 . 0 4 3 3 5 . 2  1 2 . 5 
2 0 0 . 0  2 0 7 3 . 6 5 0 . 0 
1 8 0 . 0  2 0 9 9 . 5 s s . o  
1 70 . 0  1 9S 2 . 8 5 7 . 5  
2 2 0 . 0  2 46 3 . 4  4 5 . 0  
1 5 0 . 0  1 67 9 . 6  62 . S  
1 6 0 . 0  1 5 7 7 . 1 6 0 . 0  
3 1 0 . 0 3 5 5 6 . 5 2 2 . 5  
5 0  .. 0 5 1 8 . 4  8 7 . 5  
s o . o  89 5 . 8 8 0 . 0  
1 9 0 . 0  2 2 1 6. l 52 . 5  
1 7 4 . 0  1 8 3 1 . l 56 . 5  
9 0 . 0  9 6 9 . 0  77 . 5  
l l O . O  1 29 3 . 8 72 . 5  
F L OW 
< C f l'O  
0 . 0 1 2  
� . 0 0 6  
0 . 0 1 2  
o . o i.r. 
0 . 0 1 2  
0 . 0 1 2  
O . C l 2  
0 . 0 1 1 
0 . 0 1 2  
0 . 0 1 .2 
0 . 0 1 0  
0 . 0 1 1  
o .  0 0 7  . 
0 . 0 1 4  
0 . 0 1 3  
0 . 0 1 1  
0 . 0 1 2  
0 . 0 1 2  
0 . 0 1 2  
0 . 0 1 2  
o .  0 1 1  
0 . 0 1 2  
0 . 0 1 1  
0 . 0 1 2  
0 . 0 1 2  
O .  O l l  
0 . 0 1 2  
o . on 
-.....J 
+::-
cc r a 
� I. P i..; r 
GR/ t-. G/ 
T R EA T · 1 0 0  C F  Dl.Y  
R El-'.O V A L  A T  6 I N .  
C R /  MG/ PE� 
' 1 0 0  C F  D A Y  C E N T  
1 - l  





4 - l 
4-2 
5 - l  
5 - 2  
6- l 
c. - 2  
7- L 
7 - 2 
e - 1 
3-2  
9- l 
9 - 2  
1 0 - L 
1 0 - 2  
l l - 1  
l l - 2  
1 2 - t  
i .2- 2  
1 3 - 1  
1 3 - 2  
1 4 - l 
1 4-2 
4 4 0 . 0  4 5 2 8 . 3 4 4 0 . 0  4 5 2 b . 3  0 . 0  
4 4 0 . 0  2 3 6 8 . 6  l t O . O  5 9 2 . 2  7 5 . 0 
4 4 � . c  � 6 4 9 . i 4 � 0 . 0  3 8 49 . l  o . o  
4 4 0 � 0  4 4 3 0 . 6  4 4 0 . 0  4 4 3 0 . 6  o . o  
� 4 C . O  4 2 4 7 . 2  4 4 0 . 0 4 2 4 7 . 2  O . O  
4 � 0 � 0  3 4 2 1 . 4  4 4 0 . 0  3 4 2 1 . 4 o . o 
4 � 0 . 0  ; � 6 1 . 8  4 4 0 �0 4 5 6 1 . 8  o . o  
4 4 0 . o  � s o � . s  4 4 0 . 0 3 a o 1 . s  o . o  
4 4 0 . 0  3 0 7 9 . 2  4 4 0 . 0  3 0 79 . 2 . o . o  
4 4 J . O  4 30 6 . 6  4 4 0 . 0 4 3 06 . 6  O . O 
4 4 0 . 0  342 1 . 4  4 4 0 . 0  3 4 2 1 . 4  o . o 
44 0 . 0  4 3 9 8 . 9  4 4 0 . 0  4 3 9 8 . 9 o . o  
4 4 0 . 0  2 5 6 6 . 0  4 4 0 . 0 2 5 6 6 . 0  o . o  
4 4 0 . 0  5 2 6 3 . 7 44 0 . 0 5263 . 7  o . o  
4 � 0 . 0  4 1 6 1 . l 4 4 0 . 0  4 l 6 l � L  o . o  
4 4 0 . 0  399 9 . 0  4 4 0 . 0  3 9 99 . 0 o . o  
3 8 0 . 0 3 8 2 6 . 4  3 8 0 . 0  3 8 2 6 . 4  o . o 
3 8 0 . 0  3 7 7 2 . l  3 8 0 . 0  � 7 7 2 . l  o . o  
3 8 0 . 0  3 � 2 3 . 5  3 8 0 . 0  3 2 2 3 . 5  o . o 
3 8 0 . 0  2 7 9 9 . 3 3�0 . 0  2 7 99 . 3 o . o 
3 8 0 . 0  1 9 6 9 . 9  3 C O . O  19 69 . 9 0 . 0  
3 8 0 . 0  3 69 3 . 5  3 8 0 . 0  3 6 9 3 . 5  o . o 
3 9 0 . 0  2 1 2 1 . s  3 4 0 . 0  2 4 4 0 . 4  1 0 . s  
3 80 . 0 3 5� 5 . 8  3 8 0 . 0  3545 . 8  o . o 
3 8 0 . U  3 4 � � . l  3 0 0 . U  j499 . L  U . O  
3 8 0 . 0  - 3 0 9 2 . 3 3 8 0 . 0  3 0 92 . 3 o . o  
3 � 0 . 0  3 22 3 . 5  3 8 0 . 0  3 2 2 3 . 5  o . o  
3 8 0 . 0  39 1 0 . 8  3 80 . 0 3 9 1 0 . 8  o . o 
R E MOVAL A T  1 2  I � . 
G R /  MG / PH 
100 CF DAY C E l: T  
4 4 0 . 0  4 5 2 8 . 3 o . o 
3 0 . 0 l b l . 5  · 13. .- 2  
4 4 0 . 0  3 8 4 9 . l o . o  
44 0 . 0  44 3 0 . 6  o . o  
4 4 0 . 0 4 2 4 7 . 2  a . o  
440. 0 3 42 \ . 4 c . o  
4 4 0 . 0  4 � 6 l . 8  o . o  
4 4 0 . 0  3 8 0 1 . 5  o . o  
4 4 0 . 0  3 0 7 9 . 2  o . o  
4 4 0 . 0  4 3 0 6 . 6  o . o  
4 4 0 . 0  3 4 2 1 . 4  o . o  
4 4 0 . 0 4 3 9 8 . 9 o . o  
4 4 0 . 0  2 5 6 6 . 0  o . o  
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1 8 0 . 0  2 39 � . 4  5 0 . 0  
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3 � 0 - 0  340 7 . l  3 7 C . O  �Z 0 7 . l  O . O 
3 1 0 . C  O . O  0 . 0  0 . 0  � . n 
3 70 . 0  2 9 7 � . 3 3 7 0 . 0  2 9 76 . 3  o . o 
� 7 0 . 0  ) � � 7 . ! 3 1 0 . 0  3 4 0 7 - l  o . o 
3 7 0 . 0  3 2 3 6 . 7  3 7 0 . 0  3 2 36 . 7  o . o 
� lu . O  3 2 3 6 . 7 3 70 . 0  3 2 3b . 7  O . O  
3 7 0 . 0  3 2 9 8 . 6  1 7 0 . 0 . 3 2 9 8 . 6  o . o  
j f Q . U  l 2 l l . 6  3 7 0 . 0  32 l i . 6  O . O 
3 7 0 . 0  3 2 3 6 . 7 3 7 0 . 0  3 2 3 6 . 7  o . o 
3 7 0 . 0  2 8 7 7 . l 370 . 0  2 8 7 7 . l  o . o  
3 7 0 . 0  2 9 5 9 . 3  37 0 . 0 29 59 . 3  o . o 
3 7 0 . 0  2 7 2 5 . 6  3 7 0 . 0  2 7 2 5 . b  o . o  
3 7 0 . 0  1 5 2 3 . 2  3 7 0 . 0  1 5 2 3 . 2  o . o  
3 7 0 . 0  1 6 4 4 . 0  3 7 0 . 0  1 6 44 . 0  o . o 
� 1 0 . 0  3 4� 9 . l 37 0 . 0  34 9 9 . i  o . o 
� 7 Q . O  3 4 2 9 . 6  3 7 0 . 0  3429 . 6  o . o  
3 1 0 . 0 3 4 5 2 . 5  3 7 0 . 0  3 4 5 2 . 5  o . o  
3 7 0 . 0  3 � 2 2 . 9  3 7 0 . 0  3 5 2 2 . 9  o . o 
) 7 0 . 0  3 3 6 2 . 8  3 7 0 . 0  3 3 6 2 . 8  o . o 
3 7 0 . 0  3 7 3 0 . l 1 4 0 . C  1 4 30 . 3  62 � 2  
3 7 0 . 0 . 1 2 3 3 . 0  2 5 0 . 0  8 3 3 . l  3 2 . 4  
3 7 0 . 0  3 �4 1 . l  3 70 . 0 3 3 4 1 . l  o . o 
) 7 0 . 0  3 4 5 2 . �  l i e . a  3 3 �? . 2  2 . 1 
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:n o . o  3 7 5 2 . 7  1 0 . 0  3 7 5 2 . 7  o . o 
3 70 . 0  69 9 .  3 7 0 . 0  3 b q 9 . 1  o . o 
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3 8 0 . 0  4 1 5 5 . 2  3 8 0 . u  4 1 55 . 2 o . o 
3 8 0 . 0  4 0 6 0 . l 3 R O . O  4 0 6 0 . l  O . O  
3 a o . o  4 2 5 5 . o  3 8 0 . c  4 2 5 5 . o  o . n 
3 8 0 . o  4 58 5 . l 3 0 0 . 0 36 1 9 . S  2 1 . 1  
� B O . O . 9 6 7 0 . 4  3 8 0 . 0  9 6 7 0 . 4  O . O  
3 8 0 . 0  4 0 9 1 . 3  3 70 . 0 3 9 8 3 · 6  2 . 6 
3 80 . 0  3 9 � 9 . B 3 8 0 . n  3 9 3 9 . 8  O . O 
lU O . O  3 3 o 2 . 3  3 8 0 . 0  3882 . 3  O . O  
3 8 0 . 0  4 4 3 2 . 2 . 3 8 0 . 0  4 4 3 2 . 2  o . o  
3 8 0 . 0  4 5 8 5 . l  3 8 0 . 0  4 5 8 5 . l  o . o 
3 8 0 . 0 4 4 3 2 . 2  3 e o . o  44 32 . 2 o . o 
3 8 0 . 0  4432 . 2  3 80 . 0  44 32 . 2  o. o 
R E MOVAL A T  1 2 I � . 
G R /  MG/ P c �  
1 0 0  C F  DAY C E � f  
i s o . o  1 5 2 1 . 4  � o . s 
6 0 . 0 3 0 7 . 6  £ 4 .  
3 0 0 . 0  2 7 62 . 5 � l . l  
3 0 0 . 0  2 99 9 . 3 � 1 . 1  
3 8 0 . 0 4 0 9 1 . 3  0 . )  
3 6 0 . 0 3 4 7 5 . 0  5 . } 
2 2 0 . 0  2 1 8 3 . 9  � 2 . l 
3 1 0 - 0  3 0 1 3 . l 1 8 . 4  
3 5 0 . 0 8 1 6 4 . 7 7 . � 
37 0 . 0  3 5 9 6 . 3  2 . 6 
o . o  o . o  0 . '.) 
3 1 0 . 0  2 4 1 0 . 5 1 8 . � 
3 5 0 . 0 5 5 6 6 . S  7 . 9  
3 8 0 . 0  4 4 3 2 . 2  o . y  
3 e o . o 2 9 5 4 . 8 o� o 
3 8 0 . 0 4 0 2 9 . 3 o . v  
3 8 0 . 0  4 1 5 5 . 2 0 . 0  
3 7 0 . 0  3 q 5 3 . �  2 . 6  
3 8 0 . 0 4 2 5 5 . 0  o . o  
3 1 0 . 0 3740 . 5  1 8 . 4 
j 8 0 . 0  9 6 7 0 . 4  o . o  
3 3 0 . 0 3 5 5 3 . 0  } � . l  
3 6 0 . 0  3 7 3 2 . 4  S . l  
3 6 0 . 0  ? 6 7 7 . 9  5 . 3  
3 7 0 . 0 4 3 1 5 . 6  2 . � 
3 8 0 . 0  4 5 6 5 . l  o . o . 
3 80 . 0 4 4 3 2 . 2 o . o  
3UO . O  4 43 2 . 2  O . C  
REMOVAL A T  1 8  l N . 
GR/ M G /  P E R  
1 00 C F  D AY C E NT 
3 1 0 . 0 3 1 4 4 . 2 1 8 . 4  
1 0 . 0  5 1 . 3 9 7 . 4  
3 2 0 . 0  2 9 4 6 . 6  1 5 . 8  
1 40 . 0  1 3 99 . 7 6 3 . 2 
3 S O . O 4 0 9 1 . 3  0 . 0  
1 5 0 . 0  1 � 47 . 9  60 . 5  
3 2 0 . 0  3 l 7 6 . 5 1 5 . 8  
270. 0 2 6 2 4 . 4  2 8 . 9  
3 2 0 . 0  7 4 64 . 8  1 5 . 8  
3 3 0 . 0  3 2 0 7 . 5  1 3 . 2  
o . o· o . o  o . o  
2 40 . 0  1 86 6 . 2 3 6 . 8  
3 30 . 0  5 2 4 8 . 7  1 3 . 2  
3 60 . 0  4 1 9 9 . 0 5 . 3  
3 6 0 . 0  2 7 99 . 3  5 . 3  
3 8 0 . 0  4 0 2 9 . 3 o . o  
3 5 0 . 0  3 8 2 7 . 2 7 . 9  
2 00 . 0  2 1 36 . 9  4 7 . 4  
3 60 . D  4 0 3 1 . 0  5 . 3  
2�0 . 0  3499 . l 2 3 . 7  
3 8 0 . 0  9 6 7 0 . 4  o . o  
2 9 0 . 0  3 1 2 2 . 3  2 3 . 7  
3 40 . 0  3 5 2 5 . l  1 0 . 5  
3 6 0 . 0 3 6 77 . 9  5 . 3  
3 5 0 . 0 4082 . 3  7 . 9  
3 7 0 . 0  44 64 . 4  2 . 6  
3 6 0 . 0  4 1 9 9 . 0  5 . 3 
3 7 0 . 0 . 4 3 1 5 . 6  2 . 6  
R E � O V A L  A T  2 4  I � .  
" GR/ M G /  P E R  
l C O  CF D�Y C E N T  
24 0 . 0  2 4 3 4 . 2  3 6 . S 
1 0 . 0  5 1 . 3  97 . 4  
1 0 0 . 0  9 2 0 . 8 7 3 . 7 
1 1 0 . 0  1 09 9 . 7 1 1 . 1  
2 1 0 . 0  2 2 6 1 . 0  4 4 . 7 
2 60 . 0  2 509 . 7 3 1 . 6  
2 1 0 . 0  2 0 8 4 . 6 4 4 . 7 
1 4 0 . 0  1 360 . 8  6 3 . 2  
3 2 0 . 0  7 4 6 4 . S  i s . a 
2 1 0 . 0 2 0 4 1 . 2  44 . 7  
o . o  o . o o . o  
1 40 . 0  1 0 88 . 6  6 3 . 2  
9 0 . 0  1 4 3 1 . 5  7 6 . 3 
7 0 . 0  8 1 6 . 5 8 1 . 6  
1 6 0 . 0  1 24 4 . 1 5 7 . 9 
1 7 0 . 0  1 8 0 2 . 6  5 5 . 3  
1 2 0 . 0 1 3 1 2 . 2  6 8 . 4  
1 1 0 . 0  1 1 7 5 . 3 7 1 . l 
2 4 0 . 0 2 6 3 7 . 3  3 6 . 8 
1 2 0 . 0 1 447. 9 6 8 . 4  
3 7 0 . 0  9 � 1 5 . 9  2 . 6  
1 6 0 . 0  1 72 2 . 7  5 7 . 9  
t 9 o . o 1 969. 9 so. a 
1 60 . 0  1 6 3 4. 6 5 7 . 9  
2 8 0 . 0  3 2 6 5 . 9  2 6 . 3 
q o . o  i o ss . q  1 0 . 3  
1 5 0 . 0  1 749. 6 6 0 . 5 
1 8 0 . 0 2 09 9 . S 52 . 6  
H O W 
( C HO 
o . o u 
o .  : o s  
0 . 0 1 0 
0 . 0 1 1  
0 . 0 1 2  
0 . 0 1 0  
O . O l l  
0 . 0 1 0  
o .  0 2 5  
o . o t o  
o . o  
o . o o s  
O .  O l 7  
O . C l 2  
c . oo e  
0 . 0 1 1  
0 . 0 1 2  
0 . 0 1 1  
0 . 0 1 2  
0 . 0 1 3  
0 . 0 2 7  
0 . 0 1 2  
o . o u 
0 . 0 1 1  
0 . 0 1 2  
o . o l.3 
· O .  O U  
0 . 0 1 2  
-.....] 
co 
N QV 4 
I N P U T  
G R /  � � /  
T R E AT i o o  C f  D A Y  
E 1J, Q 1J b. L  A T  6 I N . 
R I  /J.G/ P E R 
! 0 C F  DAY C E N T  
1 - L 
1 - 2  
2 - l  
2 - 2  
3 - 1 
;; - ?  
:,- 1 
4 . ·; 
� · - 1 
5 - 2  
i- t 
�- � 
7 - !  
7 - 2  
13 - l  
d - 2  
'J - l  
9 - l  
i ·:l- '! 
1 0- 2  
u �  l 
H -2 
� 2  " l  
1 2 - 2  
� � - !  
D-:-2 
1 4 - l  
l 4 - 2  
340 . 0  3 � � 0 . 5  2 1 0 . n  2 0 6 3 . 6  3 2 . 4 
� '• 'j . 0  '" � � . u  
. � <, .) • 0 2 3 b .. .  l 
3 4 8 . C  . n t � .  1. 
0 . 0  
1 0 . 0  
l C . O  
o . o o . o  
84 . 8  9 7 . l 
<)') . 3 9 7 . l 
� �0 . J  3 2 d 2 . 0  34 0 . 0  3 2 8 2 . 0  o. o 
� 4- G  .. ,J � 0 7 0 . 2 3 4 0 . 0  3 0 7 0 . 2 o . o  
� � o . c 3 4 4 0 . 4  2 s o . o  2 5 3 5 . 6  2 6 . 5 
} 4 C . O  3 1 5 1 . 5  3 4 0 . 0  3 1 5 1 . 5  O . O  
3 4 0 . 0  3 6 l 0 . 6  3 0 0 . 0  3 2 3 0 . 0  l l . 8  
3 � 0 . 0  3 1 } 0 . 2  } 4 0 . 0  3 1 3 0 . 8  o . o  
�40 . 0  S i 7 2 . 6  3 4 0 . 0  5 1 72 . 6 O . O  
3 4 0 . 0  4 � 2 6 . 2  3 4 0 . 0  4 3 2 6 . 2  o . o  
3 �0 . 0  3 e o 1 . 1  3 0 0 . 0  l 3 59 . 2  1 1 . a  
3 4 0 . 0  3 9 6 5 . 7 3 1 0 . 0  3 6 1 5 . a  e . s 
3 4 0 . 0  4 0 3 2 . 9  3 4 0 . 0 4 0 3 2 . 9  . o . o  
J 4 0 . 0  3 5 7 8 . l 3 4 0 . 0  3 5 7 8 . l  o . o  
340 . 0  3 7 7 6 . 9  3 4 0 . 0  3 7 76 . 9  o . o 
3 4 C . O  J 6 6 u . c  3 4 0 . 0  36 60 . 6 o . o  
3 40 . 0  3 49 9 . l 2 7 0 . 0 2 7 7 8 . 7  2 0 . 6  
)40 . 0  3 6 i 0 . 6  2 2 0 . 0  2 3 6 8 . 6  3 , . 3  
3 4 0 . 0  � 1 3 s . 1 34 0 . o 4 1 38 . l  n . o 
3 � 0 . 0  3 �2 5 . l  34 0 . 0 3 5 2 5 . l  o . o  
3 4 0 . 0  ) C 7 0 . 2  2 4 0 . 0  2 1 6 7 . 2  2 9 . 4  
3 4 0 . 0  3 1 9 3 . 8  2 3 0 . 0  2 1 60 . 5  3 2 . 4 
� 40 . 0  3 2 3 7 . 3  , 3 4 0 . 0 3 2 1 7 . 3  o . o  
1� 0 . 0  3 4� 9 . l 3 4 0 . 0  3 4 9 9 . l  o . o  
3 �0 . 0  3 4 7 3 . 6  1 5 0 . 0  1 5 3 2 . 5  5 5 . 9  
) 4 0 . 0  3 5 2 5 . l l l O . O  1 1 40 . S  6 7 . 6 
R E MOVAL A T  1 2  I �. 
G R /  M G /  ? E r. 
1 0 0  CF D A Y  C E 1 T 
2 6 0 . 0 2 3 3 2 . 8 2 3 . 5  
o . o  
2 0 . 0 
1 0 . 0 
o . o  o . o  
1 6 9 .  i 94 . l 
9 '> . 3 9 7 . 1  
3 4 0 . 0  3 2 8 2 . Q  o . o  
340 . 0  3 0 1 0 . 2 o . o  
3 0 0 . 0  3 0 4 2 . 7  l l - 8 
3 0 0 . C  2 7 8 0 . 8 1 1 � 8 
2 8 0 . 0 3 0 1 4 . 6  1 7 . 6  
3 2 0 . 0  2 9 4 6 . 6  5 . 9  
3 3 0 . 0 5 0 2 0 . 5  2 . 9  
34 0 . 0  4 3 2 6 . 2  o . o  
2 0 0 . 0  2 2 3 9 . 4  4 1 . 2  
3 2 0 . 0  3 7 3 2 . 4  5 . 9 
3 4 0 . 0  4 0 3 2 . 9  0 . 0  
3 4 0 . 0 3 5 7 8 . l o . o 
32 0 . 0 3 5 5 4 . 7  5 . �  
3 1 0 . 0  3 3 3 7 - 6  s . a  
2 3 0 . 0  2 36 7 . l 3 2 . 4  
2 � 0 . 0 2 4 7 6 . 3  3 2 . 4  
3 3 0 . 0 40 1 6 . 4 2 . 9  
32 0 . 0  3 3 1 7 . 7  5 . �  
1 4 0 . 0 1 2 6 4 . 2  S 3 u 3  
1 8 0 . 0 1 6 9 0 . 9  4 7 . l 
34 0 . 0  3 2 3 7 . 3  O . J  
330 . 0  3 3 96 . 2 2 � 9  
4 0 . 0 4 0 8 . 7  8 8 . �  
1 0 0 . 0 1 0 3 6 . 8  7 0 . ) 
REHOVAL AT 1 8 I N .  
GR/ �G/ P E R  
1 0 0  C F  D AY C EN T  
2 80 . 0  2 5 1 2 . 2  1 7 . 6  
o . o  
1 0 . 0  
1 0 . 0  
·o .  o o . o  
8 4 . 8 9 7 . 1 
99 . 3  9 7 . 1  
3 30 . 0  3 1 8 5 . 4  2 . 9  
3 3 0 . 0  2 9 7 9 . 9  2 . 9  
3 00 . 0  3 0 4 2 . 7  1 1 . 8  
2 80 . 0  2595 . 4  1 7 . 6  
2 9 0 . 0 3 1 2 2 . 3 1 4 . 7 
2 9 0 . 0  2 6 7 0 . 4  1 4 . 7  
3 20 . 0  . 4 8 6 8 . 4  s . 9  
3 20 . 0  4 0 7 1 . 7  5 . 9  
2 l 0 . 0  2 3 5 1 . 4  3 8 . 2  
2 5 0 . 0  2 9 1 6 . 0  2 6 . 5  
3 0 0 . 0  3 5 5 8 . 4  l l . 8  
3 2 0 . 0 3 3 67 . b  5 . 9  
2 8 0 . 0  3 1 1 0 . 3  1 7 . 6  
1 3 0 . 0  1 3 99 . 7  6 1 . S  
1 7 0 . 0 1 7 4 9 . 6  5 0 . 0  
200 . 0  2 1 5 3 . 3  4 1 . 2  
3 1 0 . 0  37 7 3 . 0  s . a  
3 0 0 . 0 3 1 1 0 . 3 1 1 . 8  
1 0 . 0 CJ 0 . 3  9 7 . l 
1 0 . 0 9 3 . 9  9 7 . l  
3 00 . 0  2 8 56 . 4  l l . 8  
2 ao . o 2 s s 1 . 6  1 7 . 6  
1 0 . 0 1 0 2 . 2  9 7 . l 
10 . 0  7 2 5 . 7 7 9 . 4  
R E �CVAL A T  2 4 I N . 
GR/ HG/ P E R  
1 0 0  CF DAY  C E N T  
1 6 0 . 0  1 4 3 5 . 5  5 2 . 9  
o . o  
1 0 . 0 
1 0 . 0 
o . o  o . o  
8 4 . 8 9 7 . l 
9 9 . 3 9 7 . l 
270 . 0  2 60 6 . 3 20 . 6  
1 9 0 . 0  1 7 1 5 . 7  4 4 . l 
1 5 0 . 0  1 5 2 1 . 4  5 5 . 9  
9 0 . 0 8 3 4 .  2 7 3 . 5  
2 0 0 . 0  2 1 5 3 . 3 4 1 . 2  
1 40 . 0  1 2 8 9. 2 5 8 . 8  
2 5 0 . 0  3 8 0 3 . 4 2 6 . S 
2 1 0 . 0  2 6 7 2 . l 38 . 2  
6 0 . 0  67 1 · 8  a Z . 4 
40 . 0 -1 6 6 . 6 8 8 . 2 
190 . 0  2 2 5 3 . 7  44 . l  
1 8 0 . 0  1 8 9 4 . 3 4 7 . l  
1 20 . 0  1 3 3 3 . 0 64 . 7  
1 0 0 . 0 1 0 7 6 . 7 7 0 . 6  
8 0 . 0  
60 . 0  
8 2 3 . 3 7 6 . 5  
640 . 0  8 2 . 4  
1 8 0 . 0  2 1 9 0 . 8  47 . l 
1 1 0 . 0  1 1 40. 5 6 7 . 6  
1 0 . 0  
1 0 . 0  
9 0 . 3 9 7 . l  
9 3 . 9  9 7 . l 
1 3 0 . 0  1 2 3 7 . 8 6 1 . S  
1 1 0 . 0  1 1 3 2 . l 6 7 . 6  
1 0 . 0  
lO . O  
102. 2 9 7 . l  
1 0 3 . 7  97 . l  
F L OW 
( C F M > 
0 . 0 1 0  
o . o  
O . CJ9 
o .  0 1 1 
O �  0 1 0  
0 . 0 1 0  
O . O l !  
0 . 0 1 0  
0 . 0 1 2  
0 . 01 0  
0 . 0 1 6  
O .  O l't  
0 . 0 1 2  
0 . 0 1 2  
0 . 0 1 3  
0 . 0 1 1  
0 . 0 1 2  
0 . 0 1 2  
0 . 0 1 1  
0 . 0 1 2  
O . O l 3  
0 . 0 1 1  
0 . 01 0  
0 . 0 1 0  
0 . 0 1 0 
o . o n  
Q .  Ol l 
0 . 0 1 1  
'....:J 
� 
APPEND I X  I I I  
Ana ly s i s  o f  Va r i anc e  ( 4 9 )  
D e g r e e s  o f  
S ou r c e  o f  Var i a t i o n  F r e e dom Sum o f  Squar e s  
Tr e atm e nt s 1 3  1 7 5 , 6 8 1 . 2 5 1 9 
T ime . 1 3  1 1 0 , 4 3 6 . 8 6 8 2  
D e p t h  3 3 6 8_ ' 4 4 0 • 5 3 9 5 
Tr e a tm ent x T ime 1 6 9  1 8 5 , 4 7 4 . 6 6 3 1  
Tr e a tment x D ep t h  3 9  5 1 , 6 4 5 . 9 1 0 6  
T im e  x D ep th 3 9  4 4 , 0 7 3 . 5 7 5 6 
T r e atment x T ime x D ep th 5 0 7  8 0 , 1 0 3 . 5 3 3 7  
Err or . 7 6 7 · ·1 ·6·6· , 1 ·s· s- . -6· s· s 6 
--
T o t a l  1 5 4 7  1 , 1 8 2 , 6 4 2 . 0 2 8 2  
* * I n d i c at e s  s i gn i f i c an c e  at the 0 . 0 1 l ev e l  
Mean S q uar e F Va l u e  
1 3 , 5 1 3  .. 9 4 2 4  6 1 . 9 0 * *  
8 , 4 9 5 . 1 4 3 7  3 8 . 9 1 * *  
1 2 2 , 8 1 3 . 5 1 3 2  5 6 2 . 5 7 * *  
1 , 0 9 7 . 4 8 3 2  5 . 0 3 * *  
1 , 3 2 4 . 2 5 4 1  6 . 0 7 * *  
1 ' 1 3  0 - ·  0 9 1  7 S .- 1 8 * i: 
1 5 7 . 9 9 5 1  0 . 7 2  N . S .  


















AP P END I X  I V  
D a i ly Me an T emp e r a tu r e s  a t  t h e  I nv e s t i g a t i o  S i t e  
Dur in g  t h e  P e r i o d  o f  Study ( S O )  
8 0  --��--���.,--��---r-�--�-t-��---r���-r-��---r
7 0  I T l  I I ':{ I I I 
6 0  
s o  
4 0  
3 0  r--��--t-��-+���+---....�-+-��-----4���-4-_.__�� 
2 0  ______ _._ ____ _._ __ ������-----'-----�"-------I 
0 1 0  2 0  3 0  4 0  s o  6 0  7 0  
T im e  Cd ays )  
o:> 
� 
Mat e r i a l 
Cornc o b s  
P e a t  Mo s s  
S t yr o f o am 
E lm L e av e s  
Wo o d  C h ip s 
S cum L ay e r  
8 2  
AP P END 1 X  V 
Hyd r o g e n  Sul f i d e  Removal E ff i c i en c i e s  
Ac co rding t o  D e p t h  fo r Var i o us Ma t er i a l s 
Dur i ng t h e  L a s t  3 3  Days o f  S tudy 
Dep t h  
6 "  1 2  ' '· . ·18 " . .  2 4 " 
0 . 0 1 o . o o . o  3 0 . 8  
( 0 . 0 - 2 . 8 ) 2 ( 0 . 0 - 5 . 3 ) ( 0 . 0 - 6 0 . 5 ) ( 2 . 3 - 4 4 . 7 )  
0 . 0  0 . 0  2 . 3 4 7 . 7  
( 0 . 0 - 1 3 . 9 ) ( 0 . 0 - 1 8 . 4 ) ( 0 . 0 - 3 6 . 8 ) ( 1 0 . 0 - 7 6 . 7 )  
o . o o . o  o . o  4 5 . ·6 
( O . O ) ( 0 . 0 )  ( 0 . 0 - 1 1 . 8 ) ( 0 . 0 - 7  .. 4 ) 
o . o  o . o 2 . 8  5 2 . 5  
( 0  .. 0 - 6 2 . 8 ) ( 0 . 0 - 6 0 . 5 ) ( 0 . 0 - 6 2 . 2 ) ( 2 . 6 - 8 1  .. 4 ) 
o . o  o . o  2 . 6 C' 9 "  2 
( 0 . 0 )  ( 0 . 0 - 5 . 0 ) ( 0 . 0 - 1 7 . 6 ) ( 1 9 . 4 - 7 4 . 4 ) 
o . o  o . o  5 . 4 7 0 . 4  
( 0 . 0 - 6 7 . 6 ) ( 0 . 0 - 8 8 . 2 )  ( 0 . 0 - 9 7 . 1 ) ( 5 2 . 6 - 9 7 . 7 ) 
. . . . . . . . . 
1Me d i an v a l u e  o f  l a s t  s ev e n  ana lys e s  
2 Range o f  l a s t  s ev e n  ana l y s e s  
